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ABSTRACT
Environmental Justice Mapping in the U.S. Pacific Island Territory of Guam
Benjamin Rocha
Academics, regulators, and the public currently use geospatial analysis tools to identify
locations that may be candidates for further environmental justice review in the continental United
States (U.S.). However, current environmental justice geospatial analysis tools overlook a small
but significant portion of the U.S. - the U.S. Pacific Islands. This study analyzes environmental
justice within the U.S. Territory of Guam using existing geospatial analysis methods and publicly
available environmental, climate, and socio-economic data to: (1) Spatially map relevant
demographic and environmental data and (2) determine the correlation, if any, between the
exposure to environmental hazards and the socio-economic status of populations. The results of
this work show both positive and negative correlations exist between environmental hazard
indicators and socio-economic status and climate indicators and socio-economic status.
Scientists, regulators, and the public can utilize the methodology and conclusions of this work to
drive future spatial analysis of environmental justice in the U.S. Pacific Islands.

Keywords: Environmental Justice, Guam, Mapping, Spatial Analysis, Environmental Justice
Mapping
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Chapter 1
Introduction
Academic scholars continue to study the interconnectedness of environmental hazards to
race, language, income, age, and education to support research of environmental justice
(Banzhaf, 2020; W. Chen et al., 2019; Collins et al., 2019; Cushing et al., 2015; Liévanos, 2018).
The U.S. Environmental Protection Agency (EPA) defines environmental justice as the fair
treatment and meaningful involvement of all people regardless of race, color, national origin, or
income with respect to the development, implementation and enforcement of environmental laws,
regulations and policies (U.S. EPA, 2014c).

Government agencies, in addition to academics and non-profits, are actively seeking
solutions to address issues of environmental justice. However, two significant barriers hinder the
ability for groups to study and address such issues of inequity: (1) the identification of individuals
and communities facing a disproportional burden of environmental hazards, and (2) access and
transparency of environmental justice datasets. Vulnerable populations often lack the financial,
educational, and political capital to both identify and overcome environmental justice issues, and
government agencies face challenges identifying vulnerable communities without accessible
environmental and demographic data (U.S. EPA, 2014d). These two barriers require new
methodology for identifying and analyzing environmental justice issues at a community level.

The use of geospatial analysis is a proven method for identifying environmental burdens.
Prior research has proven geospatial technology can be used for identifying environmental risk
and demographic data at a census tract level (Blondell et al., 2020; Lakes et al., 2013; Weigand
et al., 2019). The EPA has developed EJSCREEN, a national mapping tool that allows users to
explore environmental and demographic data to understand better and highlight locations that
may be candidates for further environmental justice review (U.S. EPA, 2014d). At a more
localized level, eighteen states and several international groups have developed statewide
1

environmental justice geospatial mapping tools (Lakes et al., 2013; Liévanos, 2018; Min et al.,
2019; Petroni et al., 2021). Despite the expanding efforts at both a national and local level,
current environmental justice geospatial mapping tools overlook a small but significant population
of the United States, the U.S. Pacific Islands.

The territories of Guam, American Samoa, the Commonwealth of the Northern Mariana
Islands, the Republic of Palau (RP), the Federated States of Micronesia, and the Republic of the
Marshall Islands make up the U.S. Pacific Islands. Current environmental justice mapping efforts
have overlooked these communities, despite these populations facing similar, if not more severe,
environmental and climate-related burdens as communities in the continental U.S. (Grecni, Miles,
King, Frazier, Keener, et al., 2020; Schwebel, 2018). Over 250,000 Pacific Islanders lack
accessible environmental and demographic data inhibiting them from efficiently identifying risk
exposure. As well, lack of access to data weakens federal and local agency’s identification and
remediation of environmental justice problems in the area.

The goal of this study is to identify currently available (data accessible to the public) and
currently unavailable (data not readily available to the public and decision makers potentially due
to data not being collected and monitored) environmental and climate datasets within the U.S.
Territory of Guam and develop a framework for environmental justice geospatial mapping within
the Pacific Islands. The goal is achieved through two primary objectives: (1) Spatially mapping
relevant demographic and environmental data, and (2) determining the correlation, if any,
between the exposure to environmental hazards and socioeconomic status of populations. This
project will provide a framework for informing Pacific Islanders and government agencies on
environmental justice disparities in the U.S. Pacific Islands and fill an accessibility gap of
environmental justice mapping capability in the Pacific Islands while expanding the understanding
of environmental justice in the area.

2

Chapter 2
Literature Review
2.1 Introduction
The following chapter provides a literature review of resources relevant to the geospatial
mapping and statistical analysis of environmental and demographic data in the U.S. Pacific Island
Territory of Guam. This chapter examines current academic studies and government work on
environmental justice while also providing contextual background as to the importance of
geospatially mapping environmental hazards in the study area. This chapter begins by examining
environmental justice, including the history, disparities, barriers, and current policies. The chapter
then discusses geospatial information systems and their use in current federal, state, and
international environmental justice efforts. Lastly, the chapter provides studies on environmental
and climate-related issues within the U.S. Pacific Island Territory of Guam (hereafter referred to
as Guam) and available data within the study area.

2.2 Environmental Justice
In the past two decades, environmental justice has become an important area of focus
within academic scholarship and government work. Environmental justice has varying definitions
in published studies, but a standard definition, widely referenced by academics and government
agencies, comes from the United States EPA. The EPA defines environmental justice as, "the fair
treatment and meaningful involvement of all people regardless of race, color, national origin, or
income with respect to the development, implementation and enforcement of environmental laws,
regulations and policies" (US EPA, 2015a, par. 1) The EPA's definition of environmental justice
parallels that of popular environmental justice scholar Robert Bullard who embraces the principle
that all people and communities are entitled to equal protection of environmental and public
health laws (Bullard, 2018).

3

This study combines these definitions to define environmental justices as the fair
treatment, meaningful involvement, and equal protection of all people regardless of race, color,
national origin, or income with respect to the development, implementation and enforcement of
environmental and public health laws, regulations, and policies.

2.2.1 History
Environmental justice scholars (Bullard, 2018; United Church of Christ & Commission for
Racial Justice, 1987) and the EPA (U.S. EPA, 2014c) cite public protest on the placement of toxic
landfills in Warren County, NC, in 1982, whose residents were predominantly black and poor, as
the start of the environmental justice movement. The Warren County protest drew national
attention to the linkage of environmental hazards to the socioeconomic composition of
communities and prompted a U.S. Government Accountability Office (GAO) study on the
placement of toxic landfills in EPA Region 4. The GAO (1983) study found that communities of
color faced disproportional environmental burdens compared to the general population. A later,
more comprehensive study by United Church of Christ & Commission for Racial Justice (1987),
looked beyond just Warren County, NC, and concluded that nationally, vulnerable communities,
primarily comprise of minority non-white citizens and those of low socioeconomic status, face
disproportionate burdens from environmental risk.

Since Warren County, academic scholars have published studies on the
interconnectedness of environmental hazards to race (Banzhaf, 2020), income (Liévanos, 2018),
age (Chen et al., 2019), education (Collins et al., 2019), and political involvement (Cushing et al.,
2015). Overwhelmingly, environmental justice studies have resulted in a consensus that
environmental burdens (exposures to environmental hazards, health complications related to
environmental hazards, and lack of access to safe and clean environmental resources) fall
heaviest on vulnerable communities (Lord & Shutkin, 1994; Stephens, 2007).

4

Government studies support scholarly conclusions on the disproportionality of
environmental burdens in the U.S.. Government researchers have found that poor environmental
quality, particularly air quality was associated with increased mortality (Cordner et al., 2017;
Huang et al., 2017; Mikati et al., 2018a). Those in poverty and non-whites had higher burden to
PM 2.5 then the rest of the U.S. population (Mikati et al., 2018a). Census tracts with a high
percentage of racial/ethnic minorities and populations with low income tended to have higher
estimated chemical exposure concentrations (Huang et al., 2017). Government research
additionally has found that cumulative health risk is unevenly distributed across non-white citizens
(Cordner et al., 2017). Further evidence suggest that vulnerable communities experience
increased exposure to pollutants including toxic waste, air pollutants, and lead and racial minority
and low-income populations experience disproportionate exposure to contaminated fish and
agricultural pesticides (U.S. EPA, 1992). Additional evidence suggest that language, format, and
distribution of written risk communication materials are an existing barrier to overcoming
environmental equity disparities and that vulnerable communities often lack the physical
infrastructure, institutions, trained personnel and resources necessary to protect their members
(U.S. EPA, 1992).

2.2.2 Systemic Racism
Scholars have linked the root cause of many environmental justice issues to historic
systemically racist public policy. As examined by Robert Bullard in his book, Dumping In Dixie:
Race, Class, And Environmental Quality, historical racism has been and continues to be a
conspicuous part of the American sociopolitical system, and led to ethnic and racial minority
groups of color being at a disadvantage in contemporary society (Bullard, 2018). Racism within
the American sociopolitical system has led to disproportionate environmental and climate burdens
on vulnerable populations.

Disparities in environmental risk are perpetuated by current laws, policies, and regulatory
practices. Dorceta Taylor’s book, Toxic Communities, cites numerous case studies in which
5

academics have concluded that the interpretation and enforcement of environmental laws has
resulted in discriminatory outcomes favoring white communities (Taylor, 2014). Additionally,
academics have found race and income disparities in the enforcement of water pollution (Konisky
et al., 2021) and hazardous waste disposal (Opp, 2012). These disparities create systematic
barriers to overcoming environmental injustices.

2.2.3 Access to Information
Access to information is a critical factor in addressing issues of environmental justice.
Accessible environmental justice data improves community-level environmental health literacy
(EHL) and expands decision-makers understanding of community vulnerabilities.

Environmental health literacy is a key determinate in community health and is influenced
by access to relevant environmental data. Expanded access to environmental and socioeconomic
data improves EHL by providing communities with the chance to know what type of pollution is in
their community and how vulnerability affects the people within that community (Blondell et al.,
2020, Lee, 2020). Lower EHL is associated with higher risk of experiencing adverse
environmental-related health symptoms (Raufman et al., 2020). As well, improved access to
information has resulted in improved understanding of specific risks, reduction of exposures, and
health outcomes for individuals and communities (Finn & O’ Fallon, 2017). Binder et al (2022)
found that improving environmental health literacy could bridge a gap in proactive community
response towards mitigating or remediating environmental risk factors based on factors such as
race/ethnicity and socioeconomic status, which have been identified in the environmental health
literature as resulting in health disparities. When communities have greater EHL, there is greater
capacity to use the acquired knowledge in promoting prevention action and overcoming
disparities (Marsili et al., 2021). Effectively expanding the communication of environmental risks,
such as with geospatial mapping tools, can help protect communities disproportionately exposed
to environmental hazards (Hill, 2003).
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2.2.4 Policies and Law
Public policy responses to issues of environmental justice have occurred at the federal,
state, regional, and local level.

The incorporation of environmental justice into federal decision making began with
President Clinton’s Executive Order 12898 in 1994. EO 12898 directed all federal agencies to
make achieving environmental justice part of its mission by identifying and addressing, as
appropriate, disproportionately high and adverse human health or environmental effects of its
programs, policies, and activities on minority populations and low-income populations (Executive
Order 12898, 1994). Since the signing of EO 12898, agencies, such as the EPA, have begun to
formally integrate environmental justice considerations into agency programs.

More recently, the Biden administration has developed the Justice40 plan which as a
whole-of-government effort attempts to ensure Federal agencies work with states, Tribes, and
local communities to deliver at least 40 percent of the overall benefits from Federal investments in
climate and clean energy to disadvantaged communities (What They Are Saying, n.d.). Justice40
outlines key program elements within the Department of Homeland Security, EPA, Department of
Housing and Urban Development, and Department of Agriculture that should focus on
environmental justice efforts. Additionally, Justice40 calls for the development of a National
Climate and Economic Justice Screening Tool which seeks to provide additional information to
agencies about disadvantaged communities and help inform their work on the Justice40 initiatives
(U.S. EPA, 2021a).

Outside of the executive branch, legislators have also pushed for environmental justice
focused policies. For example, HR 516 - Environmental Justice Mapping and Data Collection Act
of 2021, recently proposed by Representative Bush, seeks to establish an Environmental
7

Mapping Committee in the U.S. House of Representatives and would require further collection of
environmental justice-related mapping data (Bush, 2021). HR 516 was referred to the
Subcommittee on Environment and Climate change on February 2, 2021 where it has been under
review since.

Additionally, Natural Resources Committee Democrats Chair Raúl M. Grijalva (D-Ariz.)
and Rep. A. Donald McEachin (D-Va.) have, with the help of community members and other
environmental justice stakeholders, crafted S.872-Environmental Justice for All Act which seeks
to further incorporate environmental justice into existing federal law, such as the Clean Water Act,
National Environmental Policy Act, and Civil Rights Act of 1964, to ensure all people have the
right to pure air, clean water, environmental justice, health equity, and climate justice (The House
Committee on Environmental Justice, n.d.). S.872 was read twice and referred to the Committee
on Environment and Public works on March 18, 2021 where it has remained since.

2.3 Geospatial Information Systems (GIS)
Geographic information systems (GIS) have become an asset to environmental justice
scholarship and government agencies as it allows for the analysis and visualization of potential
environmental justice disparities. This study referenced and adapted approaches from prior
environmental justice-focused GIS studies.

Geospatial analysis is a quantitative approach that analyzes geographically referenced
information. GIS is used to conduct geospatial analysis and understand location-specific
phenomena on earth. The analysis process utilizes statistical methods, information theory, and
computational geometry, which often displays results in visualizations such as maps, graphs,
diagrams, 3D views, and cartograms (Murayama, 2012; Smith et. al, 2007).

The use of geospatial analysis in environmental justice research has continued to grow
as technology improves. Researchers can use location-specific environmental, social, and
8

economic data to examine the extent of socioeconomic disparities within communities and drive
management and policy decisions (Blondell et al., 2020; Driver et al., 2019; Jessica Arriens et al.,
2020).

2.3.1 Environmental Justice Screeners
Geospatial analysis has been used to study environmental justice by both the
government and academics. Government efforts have resulted in mapping services referred to as
“screening tools” such as the U.S. Environmental Protection Agency’s EJSCREEN tool and the
California Office of Environmental Health Agency’s CalEnviroScreen 4.0 tool. In addition to
government efforts, numerous academics have published environmental justice research that
utilize geospatial analysis on localized study areas. Environmental justice geospatial analysis
studies are further discussed in the following sections.

2.3.1.1 EJSCREEN
In 2010, the EPA began developing, EJSCREEN, a nationally consistent geospatial
analysis tool that can be used by the EPA, its governmental partners, and the public to support
environmental justice review of locations through the U.S. The EPA uses the tool to support
aspects of enforcement, compliance, the Superfund program, permitting, and voluntary programs
(U.S. EPA, 2014d).

The EPA began using EJSCREEN internally in 2012, had it peer reviewed in 2014, then
released the tool for public use in 2015 (US EPA, 2014d). EJSCREEN functions by consolidating
publicly accessible demographic and environmental data into maps and reports, enabling the
members of the public, academic community, and government agencies to compare
environmental justice data for a given location to state, regional, and national averages (Driver et.
al, 2019).

9

As of 2015, EJSCREEN contains 12 environmental indicators, which are sourced from a
variety of publicly accessible data sources and include (U.S. EPA, 2014d):

•

PM2.5 level in air

•

Ozone level in air

•

Diesel particulate matter level in air

•

Air toxics cancer risk

•

Air toxics respiratory hazard index

•

Traffic proximity and volume

•

Lead paint indicator

•

Proximity to national priorities list (NPL) sites

•

Proximity to risk management plan (RMP) facilities

•

Proximity to hazardous waste treatment

•

Proximity to storage and disposal facilities (TSDFs)

•

Proximity to toxicity-weighted wastewater discharges

The tool also contains six demographic indicators, which are sourced from the five year
American Community Survey (ACS) and include (U.S. EPA, 2014d):

•

Percent low-income (households where the household income is less than or
equal to twice the federal poverty level)

•

Percent people of color

•

Percent less than high school education

•

Linguistic isolation

•

Individuals under age 5

•

Individuals over age 64

10

EJSCREEN combines demographic indexes with a user-selected environmental indicator
to generate an EJ Index. The environmental, demographic, and EJ indicator outputs are
calculated at a block group 1 level to provide a nationally consistent dataset (U.S. EPA, 2014d).
An example of a EJSCREEN generated report is illustrated in Figure 1-1 below.

Figure 1-1: EJSCREEN Mapping Results for Lead Paint Exposure in Oakland, CA. (EJSCREEN,
2022)
The EPA is transparent in expressing the weaknesses of the EJSCREEN mapping tool.
The agency shares that the tool cannot capture all the relevant issues that should be considered
and relies on demographic and environmental estimates that involve substantial uncertainty (U.S.
EPA, 2014d). Critics of the tool cite that although it provides a baseline for environmental justice

1
A block group is a subdivision of a census tract and contains a cluster of blocks. Block groups
usually have between 600 and 3,000 people. A census block is the smallest geographic census
unit. (U.S. Census Bureau, 2022)
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analysis, it does not fully encompass all environmental and sociodemographic data that could be
included (e.g., race, health, pesticide use, heat, etc.). Additionally, although EJSCREEN is able to
map the majority of U.S., it does not currently provide data for the Pacific Islands, failing to make
it a truly national geospatial mapping tool.

Despite its weakness, EJSCREEN is an important tool for addressing environmental
justice at a national level. The tool allows for the public and government agencies to compare
nationally consistent environmental justice data and isolate areas that many be candidates for
potential further consideration. One application of EJSCREEN that combines federal and
community decision making is its use in Brownfields grant applications. The EPA encourages
Brownfields grant applicants to include data from EJSCREEN to help characterize the impacted
communities and populations (U.S. EPA, 2021c). Other uses have included helping determine
which communities may bear a larger burden from environmental exposures or other factors
following Hurricane Ida (U.S. EPA, 2021b), aiding in informational outreach and engagement
practices, and implementation aspects of permitting, enforcement, and compliance programs
(U.S. EPA, 2014b).Without EJSCREEN, the public and governing bodies could not easily analyze
environmental justice baselines across the U.S..

2.3.1.2 CalEnviroScreen
Similar to EJSCREEN, the State of California’s OEHHA developed CalEnviroScreen,
which uses existing environmental, health and socio-economic data to compare the cumulative
impacts of environmental pollution on the state’s communities (Greenfield et al., 2017). The core
objective of CalEnviroScreen, as stated by former Cal/EPA Secretary Matt Rodriquez, is, “to
provide state and local decision makers with information that will enable them to focus their time,
resources and programs on those portions of the state that are most in need of assistance”
(OEHHA, 2013). CalEnviroScreen has been utilized in a plethora California environmental and
public health decision making processes including but not limited to SB 535 – Disadvantaged
Communities, Assembly Bills 32 and 1352 which established the GreenHouse Gas Reduction
12

and Funds Program, the Sustainable Communities Grants and Incentives Program and more
(OEHHA, 2015).

CalEnviroScreen, like EJSCREEN, utilizes several environmental and demographic
indicators to assess environmental exposures. Demographic indicators included in the tool
include educational attainment, housing-burdened low-income households, linguistic isolation,
poverty, and unemployment (OEHHA, 2013). Exposure indicators include (OEHHA, 2013):

•

Ozone concentrations in air

•

PM2.5 concentrations in air

•

Diesel particulate matter emissions

•

Drinking water contaminants

•

Children’s lead risk from housing

•

Use of certain high-hazard, high volatility pesticides

•

Toxic releases from facilities

•

Traffic impacts.

Environmental indicators include:

•

Toxic cleanup sites

•

Groundwater threats from leaking underground storage sites and cleanups

•

Hazardous waste facilities and generators

•

Impaired water bodies

•

Solid waste sites and facilities.

The strengths of CalEnviroScreen, and environmental mapping in general, have been
voiced in academic studies. Crushing (2015) found significant racial/ethnic inequalities in
residential proximity to multiple environmental health hazards in California and suggested that
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CalEnviroscreen can be used to help guide regulatory, enforcement, and other efforts to reduce
cumulative environmental health burdens in disproportionately affected communities. Greenfield
(2017), through a multivariable analysis of CalEnviroScreen, concluded that CalEnviroScreen can
successfully identify regions of high environmental exposure and population vulnerability.
Environmental Justice mapping efforts, such as CalEnviroScreen, aid in addressing issues of
environmental justice by providing accessible data to communities and decision makers.

CalEnviroScreen varies from EJSCREEN in several ways. First, CalEnviroScreen
includes additional indicators such as proximity to impaired waterbodies, groundwater threats,
pesticide use, and housing burden. Second, CalEnviroScreen, provides a cumulative impact
score which provides the weighted sum of all environmental and socioeconomic burdens within a
community. These differences between the tools makes CalEnviroScreen a more refined tool for
the State of California and reflects the larger expansion of regional focused environmental justice
geospatial screening efforts such as, Maryland EJSCREEN, and the Virginia Environmental
Justice Collaborative.

2.3.1.3 State & International Screening Tools
Geospatial environmental justice tools are not limited to EJSCREEN and
CalEnviroScreen. Several state and international researchers have developed their own localized
environmental justice mapping tools. The driver in creating many of these tools is often the
discovery that residents’ knowledge of environmental hazards and their health effects is limited,
partly due to the absence of tools to map and visualize distribution of risk factors across localized
sociodemographic groups (Driver et al., 2019).

In Maryland, the National Center for Smart Growth in partnership with faculty at the
University of Maryland School of Public Health developed the Maryland EJSCREEN and found it
the awareness of environmental hazards among the general public (Driver et al., 2019). In 2020,
Canadian researchers used a national-level socioeconomic status (SES) index to measure place14

based relative social vulnerability and socioeconomic inequalities across Canada (L. Chakraborty
et al., 2020). In Malta, Portelli (2020) developed an environmental justice screener and found that
there is significant spatial differences in the spatial distribution of environmental justice issues on
the island state. In Latin America, Calil (2017) was able to develop a mapping tool that identifies
hotspots and key drivers of coastal risk, by combining sixteen variables related to coastal
hazards, geographic exposure, and socioeconomic vulnerability, into a single index.

Scholars have proposed alternative methods to developing environmental justice
geospatial mapping tools. Maantay and Maroko (2007) conducted an analysis of flood risk
mapping in New York City and found that minorities are disproportionately undercounted using
traditional methods which impairs preparedness and relief efforts. Schwarz, Berland, and
Herrmann (2018) propose the incorporation of green space, measured using Normalized
Difference Vegetation Index (NDVI), as an environmental indicator. The researcher found using
vegetation quantity as an indicator of environmental amenities has a weakening relationship with
environmental vulnerability and thus suggested more nuanced approaches to evaluating
environmental justice indicators are needed. In a review of remote sensing in environmental
justice research, Weigand (2019) found that the improved availability of high resolution
environmental data for large land area extents can be considered a big step towards
understanding the spatial heterogeneity thematic detail and allow for internationally independent,
objective and homogeneous data as demanded by the global decisionmakers.

With the development environmental justice geospatial mapping tools, lessons have been
learned on how to best geospatially map and analyze issues of environmental justice. The
general consensus across the literature is best described by Lee (2020) who argues
environmental mapping tools must: (1) be science-based and data-driven; (2) informed by
community experience; (3) endorsed and used by government; (4) available for the public to use;
(5) developed through a process of public participation; and (6) function as a third-party validator
of the lived experiences of disadvantaged communities.
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2.4 Environmental Justice in the U.S. Territory of Guam
Environmental Justice in the context of the U.S. Territory of Guam is similar to
communities around the globe – vulnerable, often low-income minority populations face
disproportionate burdens of environmental and climate-related threats. However, environmental
justice in Guam is unique due to a complex sociopolitical history and localized environmental, and
climate concerns not found elsewhere in the world.

2.4.1 History and People of Guam
The U.S. Territory of Guam, know to native Chamorros as Guahan, has a long history of
colonization plagued by centuries of warfare, violence, and subjugation. The history of Guam and
its native population is critical to the study of environmental justice within the territory.

Guam is one of several U.S. Pacific Islands for which the U.S. EPA implements and
enforces environmental laws. Guam is the most developed of the U.S. Pacific Island territories
and has a population of 159,358 individuals and a land area of 540 km2 (210 sq mi) (U.S. Census
Bureau, 2010).

Native Guamanians, ethnically called Chamorros, are of Malayo-Indonesian descent.
Chamorros and other Micronesians make up half of the population of Guam (U.S. Census
Bureau, 2010). Just under one third of the population is Asian, and a small minority of people are
of European ancestry (U.S. Census Bureau, 2010). English and Chamorro are the two official
languages in Guam with English being the language of education and commerce.

The native Chamorro people of Guam have faced traumatic historical conflict that
remains largely unresolved (Pier, 1998). During the period of 1521-1898, the Chamorro faced
near total genocide as result of Spanish Colonization. Following the Spanish American War,
Guam became a colony of the U.S., but in 1941, Guam was attacked and occupied by the
Japanese, leading to 14,721 Guam civilians enduring war atrocities such as forced march, forced
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internment, and forced labor. The island was occupied by the U.S. in 1944 and became an
unincorporated territory in 1950. Today as an unincorporated territory of the U.S., Guamanians
have no voting power in Congress despite Congress possessing plenary authority over local
territorial matters (U.S. Const. art. IV, § 188.).

Through centuries of colonialization by the Spanish, American, and Japanese,
preservation of native Chamorro lifestyles, culture and tradition have faltered. The year 2000 was
the first time that the population of Chamorros fell below 40% of the entire population of Guam,
evidence suggesting that native Chamorros are becoming a minority. Adding to concern, the
native Chamorro populations in Guam often have the highest rates of modern-day diseases like
diabetes, hypertension, obesity, and cancer (Ocampo & Kanehe, 2005).

When studying environmental justice in Guam it must be understood that indicators used
to measure inequality in the continental U.S. may not coincide with the Chamorro cultural
understandings of risk, health and comfort (e.g., Burger et al. 2010; Charley et al. 2004; Harris
and Harper 2011; Martin 2002; O'Neill 2008). It is critical to understand that the study of
environmental justice on Guam must consider Chamorro cultural values which differ from
communities on the continental U.S. As suggested by Harper and Harper (2011) in a study on
environmental justice in Native American territories, the measurement of environmental justice
impacts must consider local perspectives and key ecological and cultural resources.

2.4.2 Environmental & Climate Change Risk
Academic literature suggest that the U.S. Pacific Islands face equivalent, if not more,
environmental and climate-related risk then the continental U.S. (Falzon & Batur, 2018; Kellar,
2010; Schwebel, 2018). In 2014, the United Nations Intergovernmental Panel on Climate Change
(IPCC) released their AR5 Climate Change 2014: Impacts, Adaptation, and Vulnerability report.
The IPCC report concluded that inherent physical characteristics of small islands leads to high
vulnerability of small islands to multiple climate and non-climate stressors, including sea level rise
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(SLR), tropical and extratropical cyclones, increasing air and sea surface temperatures, and
changing rainfall patterns (IPCC, 2014a). Falzon and Batur (2018) supported the IPCC’s findings
in their 2018 report in which they found that Pacific Island Nations are at great risk from climate
change impacts such as storms and sea level rise. Most recently, the 2020 Pacific Islands
Regional Climate Assessment cites increasing air temperature, stronger tropical storms, declining
total rainfall, coral bleaching, sea level rise, human health, freshwater availability, threats to
biodiversity, and food security as serious environmental and climate-related risks for the U.S.
Pacific Island Territory of Guam. Illustrating the degree of these environmental threats as
compared to the continental U.S., Debra Keller found, when examining vehicle related flood
fatalities in the U.S., that Guam had the third highest death rate of total vehicle-related flood
fatalities by population in the U.S. (Kellar, 2010). Schwebel (2018), reiterates climate-risk
concerns arguing that the American territories in the Pacific sit within the margins and periphery
of climate-change planning within the U.S. and are behind many of their neighbors in both their
climate literacy and preparation efforts of the effects of a changing climate. In the 2018 study,
Schwebel, described the frustration of communities over the lack of planning and understanding
of climate adaptation, which has resulted in weak momentum towards climate planning efforts.
Arriens, Schlesinger, and Wilson (2020) tie climate-related risk to environmental justice, stating
that climate change compounds the burdens of environmental justice and that the burdens can be
nearly impossible to overcome or adapt to, when a community is already experiencing social,
economic, and environmental stressors, and when a community has less voice and power in the
political process.

2.4.3 United States Military Pollution
Academic literature not only cites climate-related hazards as environmental justice
threats to the U.S. Pacific Islands, but also contamination by both historic and ongoing U.S.
military operations. Thomson and Samuels-Jones (2020) found that Puerto Rico, the U.S. Virgin
Islands, Guam, Mariana Islands, and American Samoa unjustly face environmental hazards tied
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to high polluting industrial activity, militarism, and nuclear testing. Samuels and Thomson argue,
the remote and relatively biodiverse Pacific Islands are consistently found to be bearing the
burden of toxic waste which originated from the U.S. mainland. Similarly, Spencer (2020) argues
the relationship between Pacific people and the environment, which defines who they are socially,
spiritually, and ancestrally, continues to be damaged and even severed by imperialistic and
capitalistic actions. More recently, Alverez (2021) argues that U.S. military enforces racial and
colonial projects with colonized people, as the case of Native Americans, Puerto Ricans and
Guamanians, and other racialized groups, including Black and immigrant people which leads to
issues of environmental injustice. Drawing perspective from the Pacific Islanders facing this
environmental injustice, Craig Perez, a Guam resident, states, “Guam was once a place of
biodiversity; now, nearly a hundred Superfund and dump sites plague our island” (Perez, 2019,
pg.69).

2.4.4 GIS, Mapping, & Monitoring
Despite the severity of environmental hazards within the U.S. Pacific Islands, little
literature attempts to measure environmental disparities within this region. In a 2001, researchers
at the University of Massachusetts Amherst’s Political Economic Research Institute conducted a
study that sought to empower communities through risk-related information. The study had to
omit Guamas “no air releases were reported for Guam (GU) in 1997” (Bouwes et al., n.d.). Since
then, there has been no installation of EPA air monitors in Guam.

A single study has mapped relative environmental risk in the U.S. Pacific Islands.
Thomson and Samuel-Jones (2020) used data obtained from the EPA ECHO database to explore
the geographic distribution of EPA environmental violations across the U.S. Pacific Islands. The
2020 study identified island areas as bearing a disproportionate number of EPA violations but
provided no comparison to socioeconomic data.
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The U.S.’s EJSCREEN, though a national tool, does not provide data for the U.S. Pacific
Islands (U.S. EPA, 2014d). The main challenge to integrating Guam and other Pacific Island
Territories to EJSCREEN is the difference in census data collection and environmental data
reporting in these regions. These challenges justify the creation of a localized tool for Guam like
presented in this study.

2.5 Conclusion
This chapter’s review of relevant resources makes evident that a research gap exists
within the environmental justice scholarship and subsequently environmental mapping efforts. A
plethora of research has been conducted on environmental justice mapping in the continental
U.S. as well as abroad; however, no environmental justice screener exists for the U.S. Territory of
Guam despite substantial sociopolitical stress and environmental and climate risk existing within
this area. The studies discussed within this literature review can be used to structure a
methodology for developing an environmental justice geospatial analysis tool in Guam. The
development of an environmental justice mapping tool for Guam will close the existing research
gap and provide relevant and meaningful information to Pacific Islanders living in Guam and the
agencies functioning within the study area.
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Chapter 3
Methodology 2
3.1 Methodology Framework
This study adapted procedures used in the development of CalEnviroscreen 4.0
(OEHHA, 2021), EJSCREEN (U.S. EPA, 2014), and research in Malta (Portelli et al., 2020) as
the methodology for mapping and determining correlation, if any, between environmental/climate
risk and socio-economic status in the U.S. Territory of Guam. First, significant environmental and
climate issues in Guam were identified by reviewing literature for climate and environmental
areas of concern. The validity of the issues identified through the literature review was reaffirmed
or reconsidered by the consultation of environmental regulatory agencies and regional
environmental experts. Next, priority environmental, climate, and social indicators that best align
with the identified significant environmental and climate issues were selected for use in this study.
The selection of priority indicators considered the use of each indicator in literature and scholarly
consensus on the strength of the indicator. The methodology then refined indicators by
determining whether a publicly available dataset could support the calculation of the indicator.
The indicator was not selected if a dataset was not publicly available. Available datasets were
consolidated into a database for later analysis. The geographic unit of analysis was selected
based on the spatial granularity of the available data. The smallest unit of analysis was selected
for which all indicator datasets are available. The indicators were then calculated, normalized,
and sorted into quantiles for each location based on the type of indicator. The next step was to
generate maps of the indicators using ArcGIS Pro. Finally, the study performed a Spearman’s
Correlation using the percentile ranking of each indicator in R Studio to determine the correlation,
if any, between each indicator. Table 3-1 further outlines the methodological workflow.

2

This chapter was completed collaboratively by Benjamin Rocha and Sina Schwenk-Mueller.
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Table 3-1: Methodological Workflow
1. Identification of significant environmental and climate issues (literature review and
expert consultation)
2. Selection of priority environmental, climate, and social indicators (based on
previous studies) (OEHHA, 2021; Portelli et al., 2020; U.S. EPA, 2014).
Education

Lead Exposure

Air Conditioning

Linguistic Isolation

Proximity to NPL sites

Structural Vulnerability

Unemployment

Proximity to TSDFs sites

Flood Risk

Poverty

Proximity to RMP sites

Communication Gap

Minority

Impaired Water bodies

Access to Battery Powered

Age > 65

Age < 5

3. Identification of publicly available datasets source & refinement of indicators based
on data.
U.S. Census - 2010

U.S. EPA

FEMA

4. Sorting of data and consolidation into database (Microsoft Access and Excel).
5. Selection of Geographic Unit of Analysis
6. Calculation and normalization of indicators for each locality (Excel, ArcGIS Pro).
% Education

% houses built before 1960

% houses with AC

% non-English speaking

Proximity to NPL sites

% structures w/o concrete

% unemployed

Proximity to TSDFs sites

% area in floodplain

% low income

Proximity to RMP sites

% w/o phone or internet

% minority

Proximity to impaired water

% age above 65

% age below 5

7. Conversion of each indicator into quantiles of entire study area (Excel).
8. Map Results (ArcGIS Pro)
9. Calculation of statistical correlation (ArcGIS Pro, Excel, R)
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3.2 Selection of Priority Environmental, Climate, and Social Indicators
This study bases the selection of priority environmental, climate, and social indicators on
the review of previous geospatial environmental justice studies and environmental justice
research. The following section justifies the inclusion of each variable and the selected unit of
measurement.

3.2.1 Environmental
The indicators discussed below comprise the publicly available environmental datasets
retrieved from the U.S. EPA.

3.2.1.1 Lead Paint
Lead paint is measured based on the number of households built before 1960 with 1,096
in 2010 (U.S. Census Bureau, 2010). Researchers (OEHHA, 2021; U.S. EPA, 2014) commonly
utilize households built prior to 1960 as a metric for lead exposure due to the robust utilization of
lead-based paint in construction prior to 1960. Regulations by the Consumer Product Safety
Commission banned the use of lead paint in 1978; however, households predating the decision
still act as the primary vehicle for exposure to lead paint and lead-containing dust that
accumulates indoors (Consumer Product Safety Act, 1977). Jacobs et al. (2002) found that
approximately 40 million homes in the U.S. still had lead paint hazards, based on a nationally
representative survey conducted in 1998–2000. Utilizing Jacobs’ findings, the U.S. EPA
determined that pre-1960 households, when compared to all other households, are nine times as
likely to have lead-based paint hazards. Furthermore, the EPA found that pre-1960 households
with children younger than the age of 6, when compared to all other households, are 16 times
more likely to contain lead paint hazards (U.S. EPA, 2014). Approximately two percent of Guam
households were built before 1960 (U.S. Census Bureau, 2010).
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Global research has provided strong evidence that lead paint and lead-containing dust
generated by households can cause life-long decrements in neurological function in infants and
children (CDC, 2010). Lead exposure during early brain development stages can influence the
likelihood of lower IQ, attention-deficit hyperactivity disorder (ADHD), and educational
performance in children (Braun et al., 2006; A. Chen et al., 2007; Jacobs et al., 2002).

3.2.1.2 Proximity to NPL Sites
Proximity to National Priority List (NPL) sites are measured as the distance weighted
count of all commercial NPL facilities within five kilometers (km) of each location. This method of
measurement is adapted from the U.S. EPA’s EJSCREEN. NPL sites are locations designated by
the EPA based on a defined set of criteria and public comment under the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA). The CERCLA, enacted by
Congress in 1980, established broad authority for the EPA to respond to abandoned hazardous
waste sites, commonly referred to as Superfund Sites(Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), 1980). NPL sites are Superfund locations that meet
one of the following criteria:

1. Have received a score of 28.5 or higher in U.S. EPA’s Hazard Ranking System
(HRS);
2. Have been designated as a top-priority site by a State or Territory, or;
3. Are a site for which the Agency for Toxic Substances and Disease Registry
(ATSDR) of the U.S. Public Health Service has issued a health advisory that
recommends removing people from the site, EPA determined the site poses a
significant threat to public health, and EPA anticipates it will be more costeffective to use its remedial authority than to use its emergency removal authority
to respond to the site.
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The release of volatile substances into the atmosphere, groundwater, or surface water
from NPL hazardous waste sites can adversely impact human health and the environment.
Studies have linked proximity to hazardous waste sites to chromosomal anomalies in offspring
(Brender et al., 2011), congenital disabilities (Gensburg et al., 2009; Vianna & Polan, 1984), and
cancer (Griffith et al., 1989).

Prior studies of NPL sites have found that the number and distribution of NPL sites are
more significant within communities with low socio-economic status compared to communities
with high socio-economic status in the U.S. (Anderton et al., 1997; O’Neil, 2007). Noonan et al.
(2009) found that NPL sites are not distributed randomly for demographics and have a higher
occurrence in the minority (Black and Hispanic) and low-income communities. Public and
academic concerns regarding NPL sites are heightened for the Pacific Islands as historical
military installations and military waste have resulted in widespread distribution of both
documented and undocumented historic military waste disposal sites (Thomson & SamuelsJones, 2020). There are currently two documented NPL sites on Guam (U.S. EPA, 2015a).

The potential health risk associated with NPL sites and historic disparities in the proximity
of minority and low-income communities to NPL sites justified the inclusion of proximity to NPL
sites as a variable within this study.

3.2.1.3 Proximity to RCRA Sites
Proximity to RCRA facilities is measured as the distance weighted count of all
commercial RCRA facilities within five km of each location. This method of measurement is
adapted from the U.S. EPA’s EJSCREEN. The Resource Conservation and Recovery Act
(RCRA) (1976) is the primary legal framework addressing the disposal of solid and hazardous
waste in the U.S. Congress signed the RCRA into law on October 21, 1976, to address issues
associated with the growing national volume of municipal and industrial solid waste. In 1984,
RCRA was amended to include the Hazardous and Solid Waste Amendments, which, amongst
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other things, required phasing out land disposal of hazardous waste, corrective action for
releases, and waste minimization. RCRA Subtitle C established EPA regulatory authority for
governing hazardous waste generation, transportation, and active treatment, storage, or disposal
facilities (Resource Conservation and Recovery Act of 1976, 1976).

As with NPL sites, releasing volatile substances into the atmosphere, groundwater, or
surface water from RCRA facilities can adversely impact human health and the environment.
Academic studies have linked proximity to hazardous waste sites to chromosomal anomalies in
offspring (Brender et al., 2011), congenital birth disabilities (Gensburg et al., 2009; Vianna &
Polan, 1984), and cancer (Griffith et al., 1989). There are currently 84 RCRA facilities on Guam
(U.S. EPA, 2015b).

Academic literature has repeatedly identified historic disparities in community proximity to
hazardous waste. A 2007 United Church of Christ Justice and Witness Ministries report found
that race was the most significant predictor of where hazardous waste facilities are located in the
U.S (Bullard et al., 2007). Similarly, Mohai & Saha (2007) found that the location of hazardous
facilities is uniquely associated with racial targeting, housing discrimination, or other race-related
factors in the U.S.. Numerous other studies concluded an association between race and
hazardous waste facilities (Anderton et al., 1997; Been & Gupta, 1997; Brulle & Pellow, 2006;
Downey & Hawkins, 2008). The potential health risk associated with community proximity to
hazardous waste facilities and historical disparities in hazardous waste facility proximity justified
the inclusion of proximity to RCRA facilities as a variable within this study.

3.2.1.4 Proximity to RMP Sites
Proximity to Risk Management Plan (RMP) sites is measured as the distance weighted
count of all RMP sites within five km of each location. This method of measurement is adapted
from the U.S. EPA’s EJSCREEN. Elliott et al. (2004) found that chemical-intensive facilities tend
to be located in counties with larger African-American populations and significant income
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inequality. Chakraborty (2019) found that disabled individuals with hearing and cognitive
difficulties are more likely to reside near RMP facilities. There are currently four RMP sites on
Guam (U.S. EPA, 2018).

The Risk Management Plan (RMP) Rule implements Section 112(r) of the 1990 Clean Air
Act amendments, which requires facilities that use extremely hazardous substances to develop a
Risk Management Plan (U.S. EPA, 2013b). RMP facilities potentially pose a risk to human health
and the environment by releasing toxic pollutants into the air and water. Potential health
implications from pollutant released at RMP sites include behavioral abnormalities, cancer,
genetic mutations, physiological malfunctions (e.g., reproductive impairment, kidney failure),
physical deformations, and congenital disabilities (U.S. EPA, 2013a). Although research indicates
that potential health implications may be present, most literature indicates that further research is
needed to justify causal relationships between RMP proximity and health complications. The
potential health risk associated with community proximity to RMP sites and historical disparities in
RMP site proximity justified the inclusion of proximity to RMP sites as a variable within this study.

3.2.1.5 Impaired Water Bodies
Impaired water bodies are measured within this study based on the count of 303(d)
waterbody impairments within 1500 feet of a location weighted by distance. This method of
measurement is adapted from the OEHHA’s CalEnviroscreen 4.0 (OEHHA, 2021). A waterbody is
considered impaired when pollutants contaminate the water to the degree that water quality
standards are not met. States and territories are required to monitor water bodies under the
Clean Water Act Section 303(d) and submit documentation of impaired or threatened water
bodies to the EPA (Federal Water Pollution Control Act Amendments of 1972, 1972). Reported
impaired and threatened water bodies are often referred to as “303(d) impaired waters”.

Water quality is a vital indicator as communities rely on the aquatic biodiversity,
recreational use, and aquatic habitats of water bodies. Introducing pollutants into a waterway can
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threaten the health and wellbeing of those reliant on the waterbody. In 2002, CalEPA found that
the impairment of water bodies used for substance fishing can cause adverse health impacts in
those consuming fish (CalEPA, 2002). Fedinick et al. (2019), in collaboration with the Natural
Resources Defense Council, cited race as having the most substantial relationship to slow and
ineffective enforcement of the federal drinking water law in U.S. Communities. Shilling et al.
(2010) concluded that minority and low-income communities consumed the most fish from
impaired waters in California. Liévanos (2017) found that low-income African American and
isolated Latino disadvantaged individuals are the strongest demographic determinants of surface
water impairments in California. There are 21 303(d) impaired waterbodies in Guam (U.S. EPA,
2015c)

The EPA states that poor water quality health consequences can include nervous system
damage, organ damage, developmental effects, reproductive effects, and gastrointestinal
illnesses (U.S. EPA, 2021). Academics suggest ingestion of nitrates at or above regulatory levels
are linked to colorectal, bladder, and breast cancer, as well as thyroid disease (Ward et al.,
2018). The potential health risk and historical disparities in exposure to impaired water bodies
justified the inclusion of proximity to impaired water bodies as a variable within this study.

3.2.1.6 Proximity to USTs
Proximity to Underground Storage Tanks (USTs) is measured within this study as the
distance weighted count of Leaking USTs (LUSTs) (multiplied by a factor of 7.7) and the number
of USTs within 1,500 ft of a location. LUSTs are multiplied by a factor of 7.7 to account for the
higher pollution burden of these locations. This methodology of measurement modifies the
methods in U.S. EPA’s EJSCREEN. USTs and LUSTs have been used in academic studies to
indicate potential groundwater threats (OEHHA, 2021; U.S. EPA, 2014). Regulatory agencies
have found that LUSTs are common sources of gasoline and diesel fuels, chlorinated solvents
and volatile organic compounds (VOCs), heavy metals, polychlorinated biphenyls (PCBs), and
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insecticides groundwater pollution (SWRCB, 2012; U.S. EPA, 2014f). There are 134 USTs
located in Guam (U.S. EPA, 2020).

Exposure to LUSTs has been found to have a positive relationship with lower socioeconomic status. Wilson et al. (2013) found that proximity to LUSTs positively correlates with
persons with less than high school education, African Americans, and Whites in poverty. Guignet
et al. (2016) found that household values depreciate by three to six percent based on proximity to
LUSTs, placing those with the lowest purchasing power closest to LUSTs. Academic studies note
potential health risks associated with exposure to underground storage pollutants, including an
increased probability of low birth weight and pre-term births by seven to eight percent (Marcus,
2021) and an increased risk of leukemia (Talbott et al., 2011). The EPA currently tracks the
potential health risk associated with USTs. Prior documented disparities in exposures to LUSTs
justified the inclusion of proximity to USTs as a variable within this study.

3.2.2 Climate
The indicators discussed below make up the publicly available climate datasets from the
U.S. Census and FEMA.

3.2.2.1 Without Air Conditioning
Households without air conditioning was selected as an indicator due to the consistently
rising temperatures on the island of Guam (Grecni, Miles, King, Frazier, & Keener, 2020).
Approximately 5,500 households reported not having home air conditioning in the 2010 Census of
Guam (U.S. Census Bureau, 2010). Heat, due to increasing global temperatures, negatively
impacts human health and is particularly problematic in tropical and subtropical climates, such as
Guam (Davis et al., 2003; Forzieri et al., 2017; Gasparrini et al., 2015; Kjellstrom et al., 2009;
Lundgren-Kownacki et al., 2018).
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The urban heat island effect, a heat accumulation phenomenon that occurs when cities
replace the natural land cover with dense concentrations of pavement, buildings, and other
surfaces that absorb and retain heat, is recognized as the most evident characteristic of climate
change (U.S. EPA, 2015; Voelkel et al., 2018; Yang et al., 2016). According to the World Bank, in
2017, 95% of the total population of Guam lived in an urban environment, making these
communities extremely vulnerable to urban heat (World Bank, 2017). Heat events are expected
to become more intense and frequent as climate change progresses, though we have limited
understanding of the impact such events have on vulnerable populations at a neighborhood or
census block group level (U.S. EPA, 2014a; Voelkel et al., 2018).

Certain social classes are at greater risk of being more distressed by weather-related
hazards than others. For example, elderly people and those with diseases have less capacity for
thermoregulation and are thus at higher risk of weather-related distress (Barnett, 2007). Also,
poor populations face a higher risk of distress as they have less access to technological means of
mitigation, such as air conditioning (Barnett, 2007; Forzieri et al., 2017). Air conditioning is viewed
as an effective solution to reduce stress brought on by heat and protect from overall heat
exposure by providing indoor thermal comfort in the hopes of avoiding heat-related health
problems (Anderson & Bell, 2009; Barnett, 2007; Bouchama et al., 2007; Davis et al., 2003;
Lundgren-Kownacki et al., 2018; Semenza et al., 1996; Weisskopf et al., 2002).

The potential health risk associated with households without air conditioning and the
dangers that high heat exposure can bring to communities justifies the inclusion of households
without air conditioning as an indicator in this study.

3.2.2.2 Communication Gap
This study measures communication gap as the number or percentage of households
without phone service, home computers, or internet service. A total of 31,774 occupied
households reported not having a home computer in 2010 (U.S. Census Bureau, 2010). Phones,
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computers, and internet access provide means of communicating with others and information for
personal and social development. Public access to information can increase public
consciousness, improve environmental and climate education, and enhance public engagement
(Verestiuc & Tucaliuc, 2015). Access to environmental information, such as the Toxics Release
Inventory (TRI), has been shown to be effective in raising awareness about and reducing toxic
chemicals (National Academies of Engineering, 2001). Millions of people still rely on public
computers and public internet access venues as a means of staying connected and updated;
however, these resources are not always available or reliable (Kelley, 2013). The potential safety
risk associated with households not having access to phone service, a home computer, or
internet service justifies the inclusion of communication gap as an indicator in this study.

3.2.2.3 Access to Battery Powered Radio
The number of households without access to a battery powered radio was chosen as an
indicator as radio broadcasts can provide real-time information when there is no electricity (The
Importance of Radio in the 21st Century, 2011). A total of 10,685 households reported not having
a battery powered radio in 2010 (U.S. Census Bureau, 2010). Due to its location at the southern
end of the Mariana Islands chain, Guam is exposed to substantial typhoon risk (Guam Power
Authority, n.d.). Typhoons, tropical storms, and tropical cyclones can bring intense winds,
torrential rainfall, high waves, and storm surges to islands near their path (Grecni, Miles, King,
Frazier, & Keener, 2020). Typhoons in this area pose a threat year-round but are most frequent
between June and December (Guam Power Authority, n.d.). There is scientific consensus that
tropical cyclone intensity is likely to increase in a warmer climate for most regions, including
around Guam (Grecni, Miles, King, Frazier, & Keener, 2020; Knutson et al., 2015; Wuebbles et
al., 2017).

The Guam Army National Guard recently upgraded its communication system to
withstand constant battering by typhoons. Historically, these destructive natural disasters have
crippled the island Guard’s communication ability (Pacific Island Prepares Communications to
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Withstand Nature’s Wrath, 2005). If the Guam Army National Guard is at a total loss when hit by
a natural disaster, the danger and lack of resource options for an average family household can
only be imagined. Due to the frequent strong and tropical storms in Guam, the potential public
safety risk associated with households lacking access to a battery-powered radio justifies the
inclusion of this indicator in this study.

3.2.2.4 Flood Risk
The percentage of the area exposed to flood risk was selected based on the severity as a
climate-related threat (IPCC, 2014b) and local concern (Aguon, 2021; Fruean, 2021). With
approximately 244 km of coastline, communities throughout Guam are at a high risk of coastalflood-related threats (Dobson et al., 2021). Sea level rise and increased heavy rainfall can lead to
an increased potential for flooding (Grecni, Miles, King, Frazier, & Keener, 2020; Guam Hazard
Mitigation Plan - Western States Seismic Policy Council, 2014). While Guam features a
mountainous topography, most of the population is concentrated in the lower-lying coastal
regions of the island (Sea Level Rise Projection Map - Guam, 2020).

Sea level rise poses one of the most widely recognized climate change threats to lowlying coastal areas, which is particularly dangerous in small islands, such as Guam, where, as
previously stated, a vast majority of communities reside in coastal zones, as seen below in Figure
3-1 (IPCC, 2014b; Woodroffe, 2008). Guam’s tide gauge for measuring long-term sea level trends
recorded an average rise of 0.13 inches (3.4 mm) per year since 1993 (Grecni, Miles, King,
Frazier, & Keener, 2020; NOAA, 2020). Based on the projected sea-level rise, The Pacific Islands
Climate Adaptation Science Center expects approximately three feet of sea-level rise by the end
of this century, putting low-lying communities at a high risk (King et al., 2019).

Average daily and annual rainfall are near the long-term average values, with no
statistically significant change from the 1950s to the present. However, Guam is projected to
experience more frequent extreme rainfall events annually (IPCC, 2013; Zhang et al., 2016).
32

These increased heavy rainfall events will increase the potential for flooding (Grecni, Miles, King,
Frazier, & Keener, 2020). The potential safety risk associated with flood risk due to projected sealevel rise and increased extreme rainfall events in Guam justify the use of flood risk as an
indicator in this study.

Figure 3-1: Communities and infrastructure residing along the coastline of Guam (Guam Visitors
Bureau, n.d.)
3.2.2.5 Structural Vulnerability
The percentage of households that lack exterior concrete structures was selected based
on local concern (IPCC, 2014b) and its use in similar environmental justice screening tools
(Paulino et al., 2021). Guam lies within a region that faces a substantial risk of typhoons and sea
level rise (Dobson et al., 2021; Guam Power Authority, n.d.). Wooden and metal housing
structures are at a high risk of destruction from the strong winds and heavy rainfall associated
with tropical storms (Paulino et al., 2021; Grecni et al., 2020). According to the Guam Coastal
Management Program (2021), their GIS sea level rise projections resulted in estimates of 58% of
total infrastructure impacted by a three-ft sea level rise, 74% impacted by a five-ft sea level rise,
and 84% impacted by a 10-ft sea level rise.
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Naseem Ghandour, an engineering commander at Andersen Air Force Base, stated that,
concrete construction provides a strong and durable building material that can withstand Guam’s
high seismic and wind loads, and it is also naturally more resilient to corrosion that could be
brough on by the island's high humidity levels (Wilson, 2014). The potential safety risk associated
with increases in tropical storms and sea level rise justifies the use of structural vulnerability as an
indicator in this study.

3.2.3 Social & Demographic
The indicators discussed below make up the publicly available socio-economic datasets.
This data was retrieved from the 2010 U.S. Census (U.S. Census Bureau, 2010).

3.2.3.1 Education
This study uses the definition of education provided by the U.S. EPA in the EJSCREEN
technical documentation - The number of people age 25 or older in a CDP or municipality whose
education is short of a high school diploma. Approximately 21% of Guam residents, age 25 or
older, do not have a GED (U.S. Census Bureau, 2010). Academic and regulatory literature
identifies a persistent association between education and health (Cutler & Lleras-Muney, 2006;
OEHHA, 2021). The four main categories impacted by having less than a high school diploma are
economical, health-behavioral, social-psychological, and access to health care (Zajacova &
Lawrence, 2018). Generally, higher education tends to allow for more stable, better-paying jobs,
allowing families to live a more affluent lifestyle and invest in their health (Mirowsky & Ross,
2005). Individuals without a high school education appear to be at a higher risk of mortality
associated with environmental and climate hazards than those with a high school education
(Chappell, 2018; EPA, 2021; Failey, n.d.). Individuals with less than a high school education have
an overall increased susceptibility to health risks, as those with this level of educational
attainment are far less likely to have health insurance (Martinez, 2012).
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The exact ways in which lower educational attainment has the potential to decrease
health status are not completely understood by researchers (Zajacova & Lawrence, 2018).
However, such factors could include economic hardship, stress, fewer occupational opportunities,
lack of social support, and reduced access to health-protective resources (OEHHA, 2021). The
increased vulnerability to health risks justifies the use of education as an indicator in this study.

3.2.3.2 Linguistic Isolation
In this study, linguistic isolation is measured as the number of people in a CDP or
municipality group living in linguistically isolated households. Approximately 42% of the
population in Guam live in a household that speaks a language other than English (U.S. Census
Bureau, 2010). A household in which all members aged five and over speak other languages
more frequently than English or do not speak English is linguistically isolated. Though Chamorro
is the native language of Guam, the EPA primarily publishes documentation and communicates in
English. Due to the primary dispersal of environmental regulatory information being in English,
linguistic isolation was calculated based on a household’s ability to speak English.

Language is often merely seen as a mode of communication, but in certain instances,
having the ability to connect with others can be a matter of life and death. During natural
disasters, lacking effective communication skills can be detrimental for households and entire
communities. In the U.S., those with limited English proficiency disproportionately experience
gaps in health care, such as overall access and insurance coverage (Foiles Sifuentes et al.,
2020; Lu & Myerson, 2020).

Linguistic isolation drastically lowers public participation in surveys and community input
opportunities, diminishing the ability to partake in decision-making processes (Link et al., 2005).
Access to public information is essential when seeking community involvement; however, in many
instances, web-based tools and information do not have translation capabilities and can therefore
not be understood by someone who is linguistically isolated (Allen et al., 2020). The increased
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vulnerability to health risks and lack of ability to partake in public decision-making processes
associated with non-English dominant speakers justify the use of linguistic isolation as an
indicator in this study.

3.2.3.3 Unemployment
In this study, unemployment is measured by the number or percent of people age 16 or
older in a CDP or municipality who are unemployed. Approximately five percent of the population
in Guam was unemployed in 2010 (U.S. Census Bureau, 2010). Given that low socio-economic
status often goes together with high unemployment, the rate of unemployment is a factor often
used in describing disadvantaged communities (OEHHA, 2021). Unemployment can cause
increased levels of stress, which may then lead to poor health, increased susceptibility to toxic
effects of pollution, and reduced capacity to cope and recover from the adverse effect of
environmental exposures (DeFur et al., 2007; OEHHA, 2021; Paul & Moser, 2009). The
unemployed also often lack the resources, such as health insurance, to seek care for health
conditions while they are still treatable, which leads to worse health outcomes, including
outcomes caused by environmental pollutants (Lu & Myerson, 2020).

Past research and literature have linked long-term unemployment to higher rates of
poverty and closer proximity to environmental and climate hazards that could pose long-term
health risks (American Lung Association, 2020; International Labor Organization, 2018; Katz,
2012; Pratap et al., 2021). The increased vulnerability to health risks justifies the use of
unemployment as an indicator in this study.

36

3.2.3.4 Poverty
This study uses the definition of poverty provided by the U.S. EPA in the EJSCREEN
technical documentation - The number of a block group’s 3 population in households where the
household income is less than or equal to twice the federal poverty level. Approximately 22% of
the population in Guam was below the federal poverty level in 2010 (U.S. Census Bureau, 2010).
Poverty is often used within academic literature as a social determinant of health. Numerous
studies provide evidence that individuals with very low-income or poverty face increased
morbidity, health complications, and exposure to environmental risk. Braveman et al., (2010)
found that individuals with the lowest income and lowest education were consistently the least
healthy. Kawachi et al. (1997) studied morbidity rates of communities at varying degrees of socioeconomic status and found that income inequality was associated with total mortality, as well as
rates of death from coronary heart disease, malignant neoplasms, and infant mortality. Similarly,
Kaplan et al. (1996), in studying income and morality, found that total household income in the
lowest 50th percentile was directly associated with all-cause mortality nationally in the U.S. The
association of income with morality suggests that low-income communities are at greater of
health risk associated with environmental exposures.

Previous research has also highlighted linkages between income and environmental
exposure. Evans and Kantrowitz (2002), in a study on socio-economic status and health risk,
found that environmental risks are not randomly distributed in the population but instead inversely
correlated to income. Evans and Marcynyszyn (2004) came to similar conclusions during a study
of environmental justice and the health of low- and middle-income youth in New York. The study
concluded that cumulative environmental risk exposure among low-income families might
contribute to bad health, beginning in early childhood. Additionally, poverty increases the

3
A block group is a subdivision of a census tract and contains a cluster of blocks. Block groups
usually have between 600 and 3,000 people. A census block is the smallest geographic census
unit. (U.S. Census Bureau, 2022)
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propensity for individuals and households to be harmed by climatic shocks and stresses
(Leichenko & Silva, 2014)

Historic linkages between poverty and health vulnerabilities and poverty and
environmental exposure indicate that low-income communities are more vulnerable to health risks
posed by environmental hazards (Evans & Kantrowitz, 2002; Evans & Marcynyszyn, 2004;
Kaplan et al., 1996). The increased vulnerability of low-income communities warrants the
inclusion of poverty as a socio-demographic parameter within this study.

3.2.3.5 Minority
Previous environmental justice analysis methods define minority as any individual who
lists their race as other than White or ethnicity as Hispanic or Latino (OEHHA, 2021; U.S. EPA,
2014). Due to the unique ethnic composition within the U.S. Territory of Guam, we adopted the
definition of minority utilized by Paulino et al. (2021), which defines minority in Guam as an
ethnicity other than Chamorro, Filipino, and White, which are the three dominate ethnicities within
Guam. Approximately 48% of the population in Guam falls within this definition (U.S. Census
Bureau, 2010).

Environmental justice scholars have found that minority communities face more
significant environmental burdens and climate vulnerability than their non-minority counterparts
(Banzhaf et al., 2019; Bullard, 2018; Liévanos, 2018; Mikati et al., 2018b; Mohai et al., 2009;
United Church of Christ & Commission for Racial Justice, 1987). Increased vulnerability and
historical disparities of the environmental burden of minority communities justifies the inclusion of
minority as an indicator within the tool.

3.2.3.6 Age (Under Age 5 & Over age 65)
Age vulnerability is quantified within this study using two indicators – Under the Age of 5
and Over the Age of 65. Approximately nine percent of the population in Guam is below the Age
of 5, while seven percent of the population in Guam is over the age of 65 (U.S. Census Bureau,
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2010). Children (individuals under the age of five) and the elderly (individuals over 65) are at a
heightened risk of adverse health implications from environmental exposures. Due to their stilldeveloping physical, physiological, and cognitive functions, children are at heightened
vulnerability to environmental and climate risk. Exposure to pollutants during “windows of
vulnerability” (periods in which children are still growing and developing organs) can adversely
impact childhood development (Etzel, 2020). For example, lead exposure during stages of early
brain development can influence the likelihood of lower IQ, attention-deficit hyperactivity disorder
(ADHD), and educational performance in children (Braun et al., 2006; A. Chen et al., 2007;
Jacobs et al., 2002). The psychological impacts of climate change can, put children at heightened
risk of mental health consequences such as PTSD, depression, anxiety, phobias, sleep disorders,
attachment disorders, and substance abuse (Burke et al., 2018).

Academic literature has also found that older populations face increased vulnerability
due to a greater risk of heat-related mortality (Basu, 2009; Stafoggia et al., 2006; Zanobetti &
Schwartz, 2008) and are more sensitive to environmental and climate exposures because of
deterioration in their physiological, biochemical, and immunological bodily functions (Hong, 2013).
The vulnerability of children and elderly populations to environmental and climate-related risk
justifies the inclusion of Under the Age of 5 and Over the Age of 65 within this study.
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3.3 Identification of Data Sources
Table 2 outlines the data source for each selected priority environmental, climate, and social indicator previously discussed in 3.3

Table 3-2: Indicators and data used for each environmental, climate, and social variable.

Variable

Indicator

Data Used

Date

Source

Education

The percent of people age 25 or older whose education is short of
a high school diploma.

Census of Population
and Housing

2010

U.S. Census
Bureau

Linguistic
Isolation

The percent of people living in linguistically isolated households. A
household in which all members age 5 years and over speak other
languages more frequently than English or do not speak English.

Census of Population
and Housing

2010

U.S. Census
Bureau

Unemployment

The number or percent of people age 16 or older who are
unemployed.

Census of Population
and Housing

2010

U.S. Census
Bureau

Poverty

Percentage of population for whom poverty status is determined
with income in 2009 below poverty level in each location

Census of Population
and Housing

2010

U.S. Census
Bureau

Minority

The number of individuals in a CDP or municipality group who list
their race anything other than Chamorro, White, Filipino, the three
dominant ethnic groups in Guam.

Census of Population
and Housing

2010

U.S. Census
Bureau
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Variable

Indicator

Data Used

Date

Source

Age
Vulnerability
(>5 or <65)

Sex by age under 5 and age over 65 years old in each location.

Census of Population
and Housing

2010

U.S. Census
Bureau

Lead Exposure

The percentage of occupied housing units built before 1960 was
selected as an indicator of the likelihood of having significant leadbased paint hazards in the home.

Census of Population
and Housing

2010

U.S. Census
Bureau

Proximity to
NPL Sites

Proximity to sites proposed and listed on the National Priorities
List (NPL) within 5 km.

Superfund: NPL Sites
for Guam

2010

U.S. EPA

Proximity to
RMP

The proximity of all commercial RMP facilities within 5 km

RMP List for Guam

2010

U.S. EPA

Proximity to
RCRA Sites

The proximity of all commercial RCRA facilities within 5 km.

RCRA Info: Site
listing for Guam

2010

U.S. EPA

Impaired
Waterbodies

Proximity to impaired waterbody within 1500 ft.

303d List of Impaired
Waterbodies

2010

U.S. EPA

Structural
Vulnerability

The number or percent of households in a location without exterior
concrete structures.

Census of Population
and Housing

2010

U.S. Census
Bureau
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Variable

Indicator

Data Used

Date

Source

Flood Risk

Percent of a location exposed to flood risk.

National Flood
Hazard Layer (NFHL)

2010

FEMA

Communication
Gap

The number or percent of households without telephone service,
home computer, or internet service

Census of Population
and Housing

2010

U.S. Census
Bureau

Without Air
Conditioning

The number or percent of households in a location without air
conditioning.

Census of Population
and Housing

2010

U.S. Census
Bureau

2010

U.S. Census
Bureau

Access to
Battery
Powered Radio

Number or precent of households without battery powered radio.
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Census of Population
and Housing

3.4 Geographic Unit of Analysis
In 2010, Guam, officially the U.S. Territory of Guam, had a population of 159,358
individuals and a land area of 540 km2 (210 sq mi) (U.S. Census Bureau, 2010). The island
territory has 20 municipalities (Figure 3-1) ranging in size from 0.89 sq mi (2.3 km2) to 35.61 sq
mi (92.2 km2) and 57 Census Designated Places (CDP) (Figure 3-2) (U.S. Census Bureau,
2010). The CDP is the finest unit for which data is available; however, as seen in Figure 3-2, the
CDP does not include the entire land area of Guam. To maintain the small unit of analysis and
ensure the inclusion of all populated land areas, an adjusted municipality-CDP boundary map is
calculated (Figure 3-3) by subtracting the CDP boundaries from the Municipality boundaries. The
final unit of analysis for which location data is analyzed in this study is then calculated by
removing Department of Defense open space (Figure 3-4) from the Adjusted Municipality-CDP
boundaries. The final unit of analysis is shown in Figure 3-5, which is analyzed with the chosen
sociodemographic, environmental, and climate indicators.
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Figure 3-2: Guam municipalities
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Figure 3-3: Guam Census Designated Places (CDPs)
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Figure 3-4: Adjusted CDP-Municipality Boundaries. Calculated by subtracting CDP boundaries
(Figure 3-2) from municipality boundaries (Figure 3-1).
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Figure 3-5: Guam Department of Defense Open Space.
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Figure 3-6: Final Unit of Analysis. Calculated by removing DOD Open Space (Figure 3-4) from
CDP-Municipality Adjusted Boundaries (Figure 3-3).
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3.4.1 Calculation and Normalization of Data
Data processing is conducted using Microsoft Excel (2007) and ESRI ArcGIS Pro
(ArcGIS Pro (Version 2.5), 2020). Indicators are processed for each location as described in
3.4.1.1 – 3.4.1.2.

3.4.1.1 Social & Demographic
Socio-economic indicators are calculated for each location using Microsoft Excel. Data
(education, linguistic isolation, unemployment, poverty, income, minority, and age vulnerability) is
gathered from the 2010 U.S. Census Bureau Survey. To accurately reflect the surveyed values
for each geographic unit of analysis (Figure 3-6), CDP values collected from the Census are
subtracted from the total values of the municipality the CDPs are located within (see Appendix B
for calculations). The municipality value is used if a CDP is not located within a municipality. This
processing adjusts the Census data to reflect the locations in each final geographic unit of
analysis (Figure 3-6). The adjusted Municipality-CDP values are then used to calculate an
indicator value using the Count Method (Eq. 1). This approach provides a final indicator value that
reflects the percent of households or percent population potentially impacted in each location.

3.4.1.2 Environmental & Climate
This study calculates environmental and climate indicators using ESRI ArcGIS Pro and
Microsoft Excel ®. Each variable is mapped as a shapefile based on the data type (Polygon:
Impaired Waters; or Point: RMP Sites, TSDFs Sites, and NPL Sites). Lead exposure, structural
vulnerability, and air conditioning are calculated in Excel as they were gathered from the 2010
Census. The environmental and climate indicators are calculated based on the exposure type
(distance, coverage, or count).

Variables measured using the Distance Method (Eq. 3) (TSDFs, NPL, RMP sites, and
impaired water bodies) are measured based on the distance weighted sum of each location,
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represented by a point on the map (latitude/longitude coordinate), within five km (1500 ft for
impaired water) of the centroid of each location. The variable measured using the Coverage
Method (Eq. 2) (Flood Risk) is measured as the percent area of each location impacted by the
variable. This allows for the comparison of locations impacted by flood inundation.

Lastly, variables measured using the Count Method (Eq. 1) (AC, Structural Vulnerability,
Communication Gap, and Lead Exposure, Education, Access to Battery Powered Radio) are first
calculated in Excel. This approach allows the visualization of the percentage of households or
percent population impacted in each location.

𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂 𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌:

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 =

% 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

(Eq. 1)

*Households used for lead exposure

𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂 𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌:

𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌:

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 =

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 =
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𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

1
𝑆𝑆𝑆𝑆𝑆𝑆 𝑜𝑜𝑜𝑜 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑡𝑡𝑡𝑡 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

(Eq. 2)

(Eq. 3)

3.5 Conversion of each Indicator into Percentile Rankings
Percentile rankings are generated for each location based on the normalized indicator
values. The PERCENTRANK.EXC function is used in Excel to rank each value from 0 – 100.
Percentiles are chosen to best visualize the burden distribution within the study area. Percentiles
represent present conditions for a location better than the raw values because even if
environmental or climate hazards shift over time, the differences between various locations are
unlikely to have changed as drastically (U.S. EPA, 2014).

3.6 Mapping
Mapping is conducted in ArcGIS Pro 10.2. Each indicator is mapped by first extracting
boundaries for each location as polygons from the Final Unit of Analysis (Figure 3-6) and then
joining the calculated percentile rank (see Section 3.5) to the correlated location using the Join
Tool in ArcGIS Pro. Once joined, the indicator can be visualized as a map based on the
percentile ranking of each indicator, with each percentile rank differentiated by color. Percentiles
at or above the 95th percentile are shown in red, 90th to 95th percentile shown in orange, 80th to
90th percentile in yellow and a decreasing gray gradient is used for percentiles below the 80th
percentile.

3.7 Calculation of Statistical Correlation
The correlation between environmental, climate, and social vulnerability scores are
assessed using the GGally package and ggpairs function with the Spearman’s correlation test in
R (R Core Team, 2022). The Spearman’s rank correlation coefficient is a distribution-free
correlation statistic that measures the strength of association between two rank-ordered variables
(Frey, 2018; Hauke & Kossowski, 2011). Spearman’s correlation assesses how well a random
monotonic function can describe a relationship between two variables, while no assumptions
about the frequency distribution of the variables are made (Hauke & Kossowski, 2011).
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This study aims to calculate the statistical correlation between environmental/climate
hazards and socio-economic status. Two parameters were compared simultaneously, making
Spearman’s correlation test the best fit. Statistical correlation analysis allows researchers to
examine whether there is an association between two or more observed variables and estimate
the strength of the relationship between each. Using statistical analysis in environmental justice
research aids in understanding the distribution of the burden.

3.8 Limitations
The results of this study are intended to act as a pre-decisional mapping tool. The results
are not designed to be the basis for agency decision-making or determinations regarding the
existence or absence of environmental justice concerns. The results should not be used to
identify or label an area as an “EJ community.” Instead, this mapping tool is designed to act as a
starting point to highlight which specific communities may need further review. This study’s initial
results should be enhanced with additional information and local knowledge to get a complete
picture of an area. Additional considerations and data, such as national, regional, or local
information and concerns, along with appropriate analysis, should also be used when forming the
basis for any decisions. In this study, a relatively high percentile result means the value is
relatively uncommon; however, a high percentile is not necessarily a real concern from a health
or legal perspective. Understanding the implications of any screening results requires looking at
the actual data and the indicator and looking at other relevant data if available. As a mapping tool,
the methodology of this study is most limited in two keyways. First, it has data on only some of
the relevant issues, and second, there is uncertainty in the data that is included. It is essential to
understand each of these limitations (U.S. EPA, 2014b). The limitations of this study are further
discussed in Section 5.3.
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Chapter 4
Results 4
The following chapter outlines the main results of this study, which aim to achieve two
objectives: (1) Spatially mapping relevant demographic, environmental, and climate data, and (2)
determining the correlation, if any, between the exposure to environmental hazards or climate
vulnerability and socio-economic status of populations within the U.S. Territory of Guam.
Individuals and decision-makers can use these results to better understand and mitigate
environmental justice issues in Guam. As with any results, it is essential to acknowledge the
study's limitations, which are discussed in Section 3.8 and Section 5.3. The statistical analysis
utilized in this section generated an output of positive correlations, meaning both indicators move
in tandem, and negative correlations, meaning as one indicator increases, the other decreases.
Throughout this section correlation relationships range from weak to strong correlation, with
ranges as follows: weak = 0.25-0.399, moderate = 0.40-0.599, strong = 0.60-0.70 (Akoglu, 2018).

4.1 Socio-economic Indicators Results
The mapped results of all socio-economic indicators above the 80th percentile, which this
study considers “significant” and warrants further environmental justice consideration, are
illustrated in Figure 4-1. The concentration of the greatest perceived cumulative socio-economic
vulnerability (four or more social indicators above the 80th percentile) was in Afame CDP, Agat, Y
Sengsong CDP, Chaguin CDP, and Ukudu CDP (see Figure 4-2). The wide geographic
distribution of socio-economic indicators, as shown in Figure 4-1, is likely a result of the variability
in the 2010 Census metrics. Given that there are multiple parameters being measured using
census data and each parameter is used to proxy a socio-economic condition, only some
parameters will overlap in location resulting in wide distribution. Despite the wide distribution,

4

This section was completed in collaboration with Benjamin Rocha/Sina Schwenk-Mueller.
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Poverty and Linguistic Isolation, Under Age 5 and Unemployment, and Education and
Unemployment each shared a significant and moderate positive correlation with one another.

Along with these relationships, there were also three weak positive relationships between
Poverty and Unemployment, Under Age 5 and Education, and Education and Poverty. Along with
the positively correlated pairs, one relationship with negative correlation was generated (Age less
than five and Age greater than 65). This relationship had a weak correlation with a p-value
showing significance (p = 0.010). The significant (p < 0.001) relationships listed previously are
shown in Table 4-1. The correlations between socio-economic indicators illustrate the
compounding socio-economic vulnerability locations face within Guam.

Individual households and communities often face multiple vulnerabilities from more than
one measured socio-economic indicator. Figure 4-2 illustrates the multitude of specific burdens
faced by each location. In all analyzed areas where the minority indicator was above the 80th
percentile, at least one other indicator was also above the 80th percentile. These results show that
minority populations share a relationship with socio-economic vulnerability in Guam.
Understanding these relationships can shape localized management approaches to overcome
potential community vulnerabilities.
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Table 4-1: Spearman's Correlation of Socio-economic Indicators

Spearman’s Correlation
Socio-economic Indicator

Socio-economic
Indicator

Correlation

r-value

p-value

Under Age 5

Unemployment

Moderate

0.533

< 0.001

Linguistic Isolation

Poverty

Moderate

0.510

< 0.001

Education

Unemployment

Moderate

0.490

< 0.001

Poverty

Unemployment

Weak

0.352

0.002

Under Age 5

Education

Weak

0.269

0.023

Education

Poverty

Weak

0.269

0.023

Under Age 5

Age greater than 65

Weak

-0.303

0.010
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Figure 4-1: Socio-economic Indicators Over the 80th Percentile
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Education

Figure 4-2: Socio-economic Indicators Above the 80th Percentile by Location
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4.2 Environmental Indicator Results
The mapped results of all environmental indicators above the 80th percentile, which this
study considers “significant” and warrants further environmental justice consideration, are
illustrated in Figure 4-3. As hypothesized, the greatest concentration of environmental hazards
(locations with two or more indicators above the 80th percentile) was within the most urbanized
regions of Guam. Apotgan CDP, Apra Harbor CDP, and Barrigada had the most significant
number of perceived environmental burdens (four environmental indicators above the 80th
percentile), as shown in Figure 4-4. The greater concentration of environmental indicators above
the 80th percentile in urban landscapes can be attributed to the higher number of pollution
sources from anthropogenic activity in urban areas than in rural ones. Proximity to RCRA had the
clearest concentration in urban areas. Thirteen of the highest cumulative scoring locations
included Proximity to RCRA, Distribution of the Proximity to RCRA, UST, RMP, and Impaired
Waterbodies which each had moderate correlation and significant p-values (rs of 0.40 – 0.59, p <
0.05) to one another. These relationships further illustrate that these environmental risk indicators
tended to be distributed near one another and contribute to the higher cumulative scores in the
urban areas.

Several environmental indicators had statistically significant correlations with one
another, as seen in Table 4-2. The statistical analysis generated three positive moderate
correlation relationships (Proximity to RCRA Sites and Proximity to RMP Sites; Proximity to
RCRA and Proximity to USTs; Impaired Waterbodies and Proximity to RCRA Sites) and three
positive weak correlation relationships (Impaired Waterbodies and Proximity to RMP Sites;
Proximity to RMP Sites and Proximity to USTs; Household Lead and Proximity to RCRA Sites).

Though rural locations had lower cumulative environmental risk scores, with most having
no or only one environmental indicator scoring above the 80th percentile, the distribution of
indicators within these locations was mixed (see Figure 4-3). The count of locations with
household lead exposure above the 80th percentile was highest (seven total) in locations with only
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one indicator above the 80th percentile (see Figure 4-4). It can be concluded that the rural
communities had similar exposures to household lead paint as urban areas in Guam. The mixed
distribution of environmental indicators across locations highlights the importance of localized
environmental management tailored to address the specific issue affecting a community.

These results show that the distribution of environmental exposures is unequal across
communities as a few locations have a higher cumulative count than others. Further studies could
provide additional evidence regarding the environmental risks and “ground-truth” these results.

Table 4-2: Spearman's Correlation of Environmental Indicators

Spearman’s Correlation
Environmental Indicator

Environmental Indicator

Correlation

Proximity to RCRA Sites

Proximity to RMP Sites

Moderate

0.523

< 0.001

Proximity to RCRA Sites

Proximity to USTs

Moderate

0.511

< 0.001

Impaired Waterbodies

Proximity to RCRA Sites

Moderate

0.401

< 0.001

Impaired Waterbodies

Proximity to RMP Sites

Weak

0.305

0.009

Proximity to RMP Sites

Proximity to USTs

Weak

0.298

0.011

Household Lead

Proximity to RCRA Sites

Weak

0.254

0.032
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r-value

p-value

Figure 4-3: Environmental Indicators Over the 80th Percentile
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Figure 4-4: Environmental Indicators Above the 80th Percentile by Location
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4.2.1 Socio-economic and Environmental Correlation
The second primary objective was to determine the correlation between socio-economic
and environmental indicators. Spearman’s Correlation analysis of socio-economic and
environmental indicators, shown in Table 4-3, returned the following significant (p < 0.05)
relationships - one positive moderate relationship (Minority and Proximity to RCRA Sites) and
three positive weak relationships (Minority and Lead; Linguistic Isolation and Proximity to RCRA
Sites; and Linguistic Isolation and Proximity to UST). The statistical analysis also generated
seven negative weak correlations (Age less than five and Proximity to RCRA Sites, Education
and Impaired Waterbodies, Education and Proximity to RCRA Sites, Unemployment and
Proximity to RCRA Sites, Unemployment and Impaired Waterbodies, Poverty and Household
Lead, Education and Proximity to RMP).

The significant (p < 0.001) correlation between Minority and Proximity to RCRA Sites
supports prior environmental justice findings the minorities are more likely to be in the proximity to
hazardous waste. Though weak relationships, Minority and Lead; Linguistic Isolation and
Proximity to RCRA Sites; and Proximity to UST all had p-values (p < 0.05) that showed
significance, as shown in Table 4-3. The correlation between these vulnerabilities and
environmental indicators illustrates potential inequities of environmental burdens within the area.

Figure 4-5 shows the distribution of each socio-economic and environmental indicator
above the 80th percentile for locations. The variability in which indicators a community scores
above the 80th percentile presents a level of complexity that can best be overcome with localized
approaches that can address the potential issues of environmental justice. Environmental
managers, academics, and the community can use these findings to understand issues of
environmental justice within Guam better and develop management approaches that recognize
observed vulnerabilities.
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Table 4-3: Spearman's Correlation Results of Socio-economic and Environmental Indicators

Spearman’s Correlation
Socio-economic Indicator

Environmental Indicator

Correlation

Minority

Proximity to RCRA Sites

Moderate

0.508

< 0.001

Linguistic Isolation

Proximity to USTs

Weak

0.397

< 0.001

Linguistic Isolation

Proximity to RCRA Sites

Weak

0.339

0.004

Minority

Household Lead

Weak

0.263

0.030

Under Age 5

Proximity to RCRA Sites

Weak

-0.353

0.002

Education

Impaired Waterbodies

Weak

-0.303

0.010

Education

Proximity to RCRA Sites

Weak

-0.291

0.014

Unemployment

Proximity to RCRA Sites

Weak

-0.265

0.025

Unemployment

Impaired Waterbodies

Weak

-0.264

0.026

Poverty

Household Lead

Weak

-0.259

0.030

Education

Proximity to RMP Sites

Weak

-0.254

0.032
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r-value

p-value

Education

Figure 4-5: Socio-economic and Environmental Indicators Above the 80th Percentile by Location
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4.3 Climate Indicators Results
The mapped results of all climate indicators above the 80th percentile, which this study
considers “significant” and warrants further environmental justice consideration, are illustrated in
Figure 4-6. As seen in this figure, the locations most vulnerable to climate hazards are the
communities on or near the coastline. Yigo CDP had four climate indicators above the 80th
percentile. At the same time, Agat CDP, Hagana CDP, Sinajana CDP, Tumon CDP, and Y
Sengsong CDP followed closely behind with three climate indicators above the 80th percentile
(see Figure 4-7). These census-designated places have a perceived higher risk due to their
geographic location. The locations all lie along the coast of Guam, making them susceptible to
rising sea levels and flooding.

As seen in Figure 4-7, each location that has without air conditioning as an indicator
above the 80th percentile has at least one other indicator that is also above the 80th percentile.
Structural vulnerability and without air conditioning had moderate correlation and significant pvalues (rs of 0.40 – 0.59, p <0.05) with one another. This relationship supports the claims that
climate risk indicators tend to be distributed near one another, contributing to the higher
cumulative scores in the areas near the coast.

Several climate indicators had statistically significant correlations with one another, as
seen in Table 4-4. The statistical analysis generated one positive moderate correlation (Structural
Vulnerability and Without Air Conditioning), one negative strong correlation (Without Air
Conditioning and Communication Gap), one negative moderate correlation (Structural
Vulnerability and Communication Gap), and one negative weak correlation (Structural
Vulnerability and Access to Battery Powered Radio).

These results show that the distribution of climate exposure to climate risks is not
equitable across all communities, as a few locations have a higher cumulative count than others.
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Further studies could provide additional evidence regarding the climate change risks discussed in
this study and “ground-truth” these results.

Table 4-4: Spearman's Correlation of Climate Indicators

Spearman’s Correlation
Climate Indicator

Climate Indicator

Correlation

Structural Vulnerability

Without Air Conditioning

Moderate

Without Air Conditioning

Communication Gap

Structural Vulnerability
Structural Vulnerability

r-value

p-value

0.581

< 0.001

Strong

- 0.603

< 0.001

Communication Gap

Moderate

- 0.554

< 0.001

Access to Battery
Powered Radio

Weak
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- 0.270

0.023

Figure 4-6: Climate Indicators Over the 80th Percentile
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Figure 4-7: Climate Indicators Above the 80th Percentile by Location
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4.3.1 Socio-economic and Climate Correlation
An additional primary objective of this study was to determine the correlation between
socio-economic and climate indicators. Spearman’s Correlation analysis of socio-economic and
climate indicators, shown in Table 4-5, returned the following significant (p < 0.05) relationships four positive moderate relationships (Poverty and Without AC; Education and Structural
Vulnerability; Poverty and Structural Vulnerability; and Linguistic Isolation and Access to Battery
Powered Radio) and four positive weak relationships (Unemployment and Structural Vulnerability;
Education and Without AC; Unemployment and Without AC; and Poverty and Access to Battery
Powered Radio).

The significantly correlated relationships above support prior environmental justice
findings on the higher risk low-income households have when looking at climate vulnerability.
Each moderately correlated relationship has a p-value lower than 0.05, meaning they are
statistically significant. Though weak relationships, the significant correlation (p < 0.001)
correlation between Unemployment and Structural Vulnerability, Education and Without AC,
Unemployment and Without AC, Poverty and Access to Battery Powered Radio, and Minority and
Access to Battery Powered Radio, as seen in Table 4-5, illustrate potential inequities of climate
burdens within these areas.

In addition to positive correlation, negative correlation was observed between socioeconomic and climate indicators. The statistical analysis returned one negative strong
relationship (Poverty and Communication Gap), one negative moderate relationship (Education
and Communication Gap), and three negative weak relationships (Linguistic Isolation and
Communication Gap; Minority and Structural Vulnerability; and Unemployment and
Communication Gap). While these indicators may have a statistically significant correlation, it
does not necessarily imply that the instance of one has any influence on the other. The observed
negative correlations may not be causal and can exist for several reasons or pure coincidence.
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As seen below in Figure 4-8, Yigo CDP, Agat CDP, Y Sengsong CDP, Chaguian CDP,
and Ukudu CDP are the five locations that have seven socio-economic and climate indicators
above the 80th percentile. Environmental scientists, climate adaptation experts, academics, and
the community can use these findings to understand environmental justice issues within Guam
better, recognize locations that may be more at risk of impact, and develop management and
adaptation approaches that account for the observed vulnerabilities.

Table 4-5: Spearman's Correlation Results of Climate and Socio-economic Indicators

Spearman’s Correlation
Socio-economic
Indicator

Climate Indicator

Correlation

r-value

Poverty

Without Air Conditioning

Moderate

0.591

< 0.001

Education

Structural Vulnerability

Moderate

0.527

< 0.001

Poverty

Structural Vulnerability

Moderate

0.454

< 0.001

Linguistic Isolation

Access to Battery
Powered Radio

Moderate

0.556

< 0.001

Unemployment

Structural Vulnerability

Weak

0.376

0.001

Education

Without Air Conditioning

Weak

0.378

0.001

Unemployment

Without Air Conditioning

Weak

0.350

0.003

Poverty

Access to Battery
Powered Radio

Weak

0.344

0.003

Poverty

Communication Gap

Strong

-0.651

< 0.001

Education

Communication Gap

Moderate

-0.516

< 0.001

Linguistic Isolation

Communication Gap

Weak

-0.373

0.001

Minority

Structural Vulnerability

Weak

-0.269

0.023

Unemployment

Communication Gap

Weak

-0.253

0.033
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p-value

Education

Figure 4-8: Socio-economic and Climate Indicators Above the 80th Percentile by Location
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4.4 Environmental and Climate Correlation
The statistical correlation between environmental and climate indicators was calculated.
As seen in Table 4-6, the statistical analysis generated an output of three positive weak
correlation relationships (Proximity to RCRA Sites and Access to Battery Powered Radio;
Proximity to UST Sites and Access to Battery Powered Radio; Proximity to RMP Sites and Flood
Risk), two negative moderate correlation relationships (Proximity to RCRA Sites and Structural
Vulnerability; Proximity to RMP Sites and Structural Vulnerability) and four negative weak
correlation relationships (Impaired Waterbodies and Structural Vulnerability; Household Lead and
Structural Vulnerability; Proximity to RCRA Sites and Without Air Conditioning; Proximity to RMP
Sites and Without Air Conditioning). Each of these relationships generated a p-value that showed
statistical significance. As seen in Figure 4-9, Apotgan CDP, Hagana CDP, and Apra Harbor CDP
are the three locations with six environmental and climate indicators above the 80th percentile.
These findings can be used to further understand the relationships between environmental
hazards and climate threats.
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Table 4-6: Environmental and Climate Indicators

Spearman’s Correlation
Environmental Indicator

Climate Indicator

Correlation

r-value

Proximity to RCRA
Sites

Access to Battery Powered
Radio

Weak

0.379

0.001

Proximity to USTs

Access to Battery Powered
Radio

Weak

0.365

0.002

Proximity to RMP Sites

Flood Risk

Weak

0.274

0.021

Proximity to RCRA
Sites

Structural Vulnerability

Moderate

-0.480

< 0.001

Proximity to RMP Sites

Structural Vulnerability

Moderate

-0.467

< 0.001

Impaired Waterbodies

Structural Vulnerability

Weak

-0.393

< 0.001

Household Lead

Structural Vulnerability

Weak

-0.356

0.002

Proximity to RCRA
Sites

Without Air Conditioning

Weak

-0.276

0.020

Proximity to RMP Sites

Without Air Conditioning

Weak

-0.271

0.022
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p-value

Figure 4-9: Climate and Environmental Indicators Above the 80th Percentile by Location
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Chapter 5
Discussion 5
This study combined concepts from environmental science, epidemiology, social science,
and geospatial research to add to the growing literature on environmental justice mapping and
the emerging study of environmental justice in island communities. Previous academic research
has studied the connections between environmental hazards, climate vulnerabilities, and socioeconomic status (Campbell & Barnett, 2010; Chen et al., 2019; Collins et al., 2019; Cushing et al.,
2015, Liévanos, 2018). However, existing research and geospatial mapping efforts have
overlooked the U.S. Pacific Islands, creating a gap in existing environmental justice research.
This gap in research is a concern as Pacific Island populations face similar, if not more severe,
environmental and climate-related burdens compared to communities in the continental U.S.
(Grecni et al., 2020; Schwebel, 2018).

5.1 Findings and Implications of Study
The methodology of this study led to the generation of maps exemplifying socio-economic,
environmental, and climate indicators, located in Appendix A. Along with indicator maps, the
study conducted statistical correlation calculations between each of the indicators using
Spearman's Correlation. The statistical analysis generated a total of 50 statistically significant
correlation relationships, which can be found in Chapter 4.

The results of this work provide one of the first case studies on environmental justice
analysis in the U.S. Pacific Islands and contribute meaningful findings to an understudied area of
research. This paper's findings support previous academic publishments, such as Cushing et al.

5
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(2015) and Banzhaf et al. (2019), which found that households and communities with lower socioeconomic status in the U.S. are at greater risk of experiencing detrimental impacts from
environmental hazards than populations of higher socio-economic status. The results also align
with work by Shonkoff et al. (2011) and suggest that communities with lower socio-economic
status have a weakened ability to cope or recover from climate change impacts, making them
more vulnerable. Research by Klöck and Nunn (2019) and Petzold and Magnan (2019) examines
the unique climate change-related vulnerabilities that small island states, such as Guam, face and
illustrates this study's importance as further research of island communities. These studies
attribute sea level rise and extreme weather events as the leading threats to island communities,
which was consistent with our research; however, within our results, we did not find a significant
statistical correlation between flood risk and socio-economic status.

This paper outlines new procedures for modifying existing geospatial analysis
techniques, such as modifying standard census block Census data, to meet a community's
localized needs and concerns. Researchers can apply this study's framework for analyzing and
mapping environmental and climate vulnerabilities in locations with similar geographic,
environmental, and socio-economic characteristics to Guam. The new procedures can influence
the future study of environmental justice globally and expand research into unstudied geographic
areas. Additionally, the results illustrate some of the environmental disparities present in Guam
and draw attention in support of continued research on this issue within the region. Without this
research, there would be limited knowledge on geographic locations of environmental exposures
and the correlation between exposure and socio-economic status within Guam. The analysis
provided and subsequent mapping of disparities can help increase awareness and response time
to environmental justice issues by increasing the ability of decision-makers and community
members to efficiently analyze and map environmental disparities for varying geographic
locations and demographic populations within Guam. Groups can immediately begin addressing
the identified disparities outlined within this study and more efficiently conduct future studies with
the framework provided by this work.
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The public data used in this research also improves current residents' knowledge and
understanding of potential environmental risks. Heightened residents' knowledge can increase
public consciousness, enhance public engagement, incentivize polluters to contemplate
environmental protection as a priority and increase community action regarding environmental
justice (Fugui, 2008; Rowan-Robinson et al., 1996; Verestiuc et al., 2015). Furthermore, this
study makes environmental justice data more publicly accessible, which helps promote equal
protection and improves transparency in environmental decision-making processes.

Though this work primarily focuses on ensuring environmental equity, the results will also
improve environmental health and ecological services by exposing Guam's most significant
environmental and climate-related risks. The results provide a baseline comparison of
environmental equity for several geographic locations within Guam. This baseline allows
environmental managers to compare management approaches across locations and identify
areas that need further assistance or new management approaches. Identifying unfair exposures
can help with the mitigation of risks and remediation of problem areas.

5.2 Unexpected Results
As anticipated, the previous statistical relationships displayed a positive correlation,
meaning both indicators move in tandem. However, the results also generated unexpected
indicator relationships with negative correlation, or inverse correlation, meaning as one indicator
increases, the other decreases. The results generated two strong inverse relationships (Poverty
and Communication Gap, and Without Air Conditioning and Communication Gap) and four
moderate inverse relationships (Structural Vulnerability and Communication Gap, Without HS
Education and Communication Gap, RCRA Sites and Structural Vulnerability, and RMP Sites and
Structural Vulnerability).

These results were unexpected due to the nature of the indicators; for example, one
would not anticipate for a communication gap to decrease as poverty increases and vice versa,
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given that most low-income communities rely on public computers as they do not have access to
one at home (Kelley, 2013). Although these specific indicators have strong and moderate
negative correlations, this outcome does not necessarily imply that the instance of one has any
influence on the other. Correlation does not equal causation, meaning that the observed negative
correlations can exist for several reasons or pure coincidence. Four of the six inversely correlated
relationships include the "Communication Gap" indicator. The frequency of "Communication Gap"
inverse relationships provides potential evidence of a fault or weakness in this particular indicator.
It is assumed that the 2010 U.S. Census survey question used for the "Communication Gap" may
have provided skewed data due to a potentially subjective question.

5.3 Limitations to Study
As discussed in Section 3.8, the results of this study are not an exact determinate of the
existence or absence of environmental justice concerns within communities. Instead, the results
should act as a starting point to highlight potential candidates and alongside other factors, such
as national, regional, or local information, to aid decision-makers in determining areas that should
be further reviewed.

A fundamental limitation to this study is that data for only some relevant issues were
available. The results illustrate the current gap in environmental justice information in Guam.
Though this study attempted to map all relevant environmental, climate, and social indicators,
there were several relevant indicators for which data was unavailable or publicly accessible. The
most relevant missing datasets included air pollution, pesticide use, and groundwater quality.
These data were unavailable due to a lack of monitoring systems, record keeping, and potential
national security risks. The inability to access all relevant data inhibits decision-making and
community understanding of environmental justice in these locations. Identifying these gaps can
drive future investment and research in measuring and distributing currently unavailable
environmental and climate data.
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A level of uncertainty in data used within this study exists due to potential data collection or
storage errors both by the entities from which the data was gathered and through data
processing. Additionally, the methods by which we have calculated impact could be modified and
be weighted based on significance, thus potentially changing results. It is also important to note
that the inclusion of a dataset in this study does not imply it is the newest, best, or preliminary
estimate of actual conditions or risks.

Along with several other limitations to this project, one of the most important limitations is
that this study was conducted remotely using GIS software and publicly available data. When
researching a niche location, it is often beneficial to visit that area to get a better feel for the
community and its surroundings. However, visitation to the study area was not feasible during this
project. Additionally, this study had initially hoped to gain insight from the inhabitants of Guam to
gauge which indicators they believed would be most beneficial to them. However, due to lack of
community contact and time constraints, this was not an aspect included in this research.
Therefore, the indicators chosen for this study may not fully cover all the information that the
inhabitants of Guam would be interested in having access to.

5.4 Suggestions for Future Research
Multiple relevant datasets were missing from this study for various reasons. These
datasets should be incorporated for future studies to be more accurate and valuable for residents
seeking this information. It is also essential for future studies to take the opinions and
perspectives of the people inhabiting the Pacific Islands into consideration. Throughout this study,
missing datasets were identified; however, there may be additional datasets that were not
included in this study that the residents of Guam would have found very useful.

Current screening tools, such as EJSCREEN, were used for this research as a guide.
However, EJSCREEN and other screening tools are designed for a larger scale and cover a
larger population. Therefore, this study did not end up as localized as we would have preferred.
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We suggest that future research use these tools as a reference and focus on the Pacific Islands
more specifically moving forward.

This study defined "minority" in Guam as an ethnicity other than Chamorro, Filipino, and
White, since those are the three dominant ethnicities within Guam. However, this failed to analyze
the potential vulnerabilities of the native Chamorro population. Given the historic rapid decline in
the Chamorro population, as discussed in Section 2.4.1, future work should further study
environmental and climate vulnerabilities and Chamorro communities.

Due to time constraints, this study focused solely on the U.S. Territory of Guam; however,
future work should analyze all U.S. Island Territories and independent island states using this
study as a framework. While the methodology of this study can be applied to the other islands,
there may be critical differences between hazards and vulnerabilities that certain islands face
compared to others. This research is a step toward achieving the final goal of creating a publicly
accessible interactive web tool. It will be necessary for future work to continue collaborating with
local communities to determine which indicators provide the best localized tool for each of the
U.S. Pacific Islands.
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Chapter 6

6

Conclusion
Environmental justice is the fair treatment and meaningful involvement of all people
regardless of race, color, national origin, or income with respect to the development,
implementation, and enforcement of environmental laws, regulations, and policies (U.S. EPA,
2014a). The two most significant barriers for those attempting to address environmental justice
issues are identifying individuals and communities facing a disproportional burden of
environmental issues and public access to information. Geospatial analysis tools, such as
EJSCREEN, were created to aid the government in identifying and understanding environmental
justice concerns at a community level and for the public to easily access data about the
environment around them. However, current screening tools overlook a significant portion of the
population under the U.S. EPA’s jurisdiction.

This study analyzes environmental justice in Guam by spatially mapping relevant
demographic and environmental/climate data and determining the correlation, if any, between the
exposure to environmental and climate-related hazards and the socio-economic status of
populations in Guam. The methodology for this project utilizes geospatial analysis and impact
assessment framework adapted from existing environmental justice spatial analysis tools and
research.

This study showed a wide geographic distribution of socio-economic indicators, likely due
to the large number and variability in the measured metric of these indicators. Despite the wide
distribution between the socio-economic indicators, there were three sets of moderate positive
correlations (Poverty and Linguistic Isolation; Under the Age 5 and Unemployment; Education
and Unemployment), three positive weak correlation relationships (Poverty and Unemployment;
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Under Age 5 and Education; and Education and Poverty), and one negative weak correlation
relationship (Under Age 5 and Age Greater than 65). Based on our findings, individual
households and communities often face multiple vulnerabilities, meaning they are often impacted
by more than one socio-economic indicator.

Several of the environmental indicators had statistically significant correlations with one
another. The statistical analysis generated three positive moderate correlation relationships
(Proximity to RCRA Sites and Proximity to RMP Sites; Proximity to RCRA and Proximity to USTs;
Impaired Waterbodies and Proximity to RCRA Sites) and three positive weak correlation
relationships (Impaired Waterbodies and Proximity to RMP Sites; Proximity to RMP Sites and
Proximity to USTs; Household Lead and Proximity to RCRA Sites). The findings of this research
indicate that the greatest concentration of environmental hazards is within the most urbanized
areas of Guam, suggesting that these communities are at a greater risk of detrimental impacts.
These results can be attributed to the increased prevalence of anthropogenic activities in
urbanized areas. Calculating the correlation between socio-economic and environmental
indicators generated an output of one positive moderate relationship (Minority and Proximity to
RCRA Sites) and three positive weak relationships (Minority and Lead; Linguistic Isolation and
Proximity to RCRA Sites; and Linguistic Isolation and Proximity to UST). The statistical analysis
also generated seven negative weak correlations (Age less than five and Proximity to RCRA
Sites, Education and Impaired Waterbodies, Education and Proximity to RCRA Sites,
Unemployment and Proximity to RCRA Sites, Unemployment and Impaired Waterbodies, Poverty
and Household Lead, Education and Proximity to RMP).
Several climate indicators had statistically significant correlations with one another. The
statistical analysis generated one positive moderate correlation (Structural Vulnerability and
Without Air Conditioning), one negative strong correlation (Without Air Conditioning and
Communication Gap), one negative moderate correlation (Structural Vulnerability and
Communication Gap), and one negative weak correlation (Structural Vulnerability and Access to
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Battery Powered Radio). The correlated relationships between the climate indicators support the
claim that climate risks tend to be distributed near one another. The findings of this research
indicate that the greatest concentration of climate vulnerabilities is along the coast, suggesting
that households near the coastline are at a higher risk of being impacted by climate change
impacts. Calculating the correlation between socio-economic and climate indicators generated an
output of four positive moderate relationships (Poverty and Without AC; Education and Structural
Vulnerability; Poverty and Structural Vulnerability; and Linguistic Isolation and Access to Battery
Powered Radio) and four positive weak relationships (Unemployment and Structural Vulnerability;
Education and Without AC; Unemployment and Without AC; and Poverty and Access to Battery
Powered Radio). In addition to positive correlation, negative correlation was observed between
socio-economic and climate indicators. The statistical analysis returned one negative strong
relationship (Poverty and Communication Gap), one negative moderate relationship (Education
and Communication Gap), and three negative weak relationships (Linguistic Isolation and
Communication Gap; Minority and Structural Vulnerability; and Unemployment and
Communication Gap). These correlation relationships support prior environmental justice findings
on the higher risk low-income households have in relation to climate vulnerability.

Environmental and climate indicators also showed significant correlation between several
of the indicators. The statistical analysis generated an output of three positive weak correlation
relationships (Proximity to RCRA Sites and Access to Battery Powered Radio; Proximity to UST
Sites and Access to Battery Powered Radio; Proximity to RMP Sites and Flood Risk), two
negative moderate correlation relationships (Proximity to RCRA Sites and Structural Vulnerability;
Proximity to RMP Sites and Structural Vulnerability) and four negative weak correlation
relationships (Impaired Waterbodies and Structural Vulnerability; Household Lead and Structural
Vulnerability; Proximity to RCRA Sites and Without Air Conditioning; Proximity to RMP Sites and
Without Air Conditioning).
The results of this work provide one of the first case studies on environmental justice
analysis in the U.S. Pacific Islands. Our findings support the claims made by previous academic
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research regarding the increased risk communities with lower socio-economic status have
concerning environmental hazards and climate vulnerabilities. Future researchers can use this
study as a framework for the remaining U.S. Pacific Islands and other small island states. The
data made available by this research also improves public knowledge and understanding of
potential environmental risks and climate vulnerabilities affecting them and their communities.
While there are limitations to this research, this study aims to fill an accessibility gap while also
expanding the understanding of environmental justice in Guam and, eventually, the U.S. Pacific
Islands altogether.
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359
941
16
405
390
15

Mongmong CDP

373

234

429

125
4

966

1897

176

11

120

117

857

288

2597

Toto CDP
MongmongToto
Maite_adjusted

234

143

302

702

848

1291

84

11

105

132

456

127

12

10

21

53

27

112

10

45

1

32

62

127

115

107

292

241

738

40

14

91

34

Nimitz Hill CDP

66

59

17

94

48

375

17

2

4

Piti CDP
Piti_adjusted

50
11

47
9

72
18

158
40

140
53

282
81

22
1

12
0

505

370

423

134
1

782

2325

154

231

24

62

230

165

874

Piti
municipality

Santa Rita
municipality
Apra Harbor
CDP

1424

931
9
585
9

366
7
223
5

17

149

551

216

66

398

70

1061

145
4

445

2

238

31

519

702

241

59
28

23
9

135
25

34
5

425
117

332
8
147
2
145
9
397

584
168

166
38

61

259

137

1317

279

4451

31

30

28

2

466

113

1813

124
04
406
9
278
0
555
4

608
4
247
1
111
8
249
5

259
2
758
182
9

224

5

3

Santa Rita CDP
SantaRita_adjus
ted

93

105

154

359

237

542

47

24

93

65

225

29

807

181

241

206

752

380

909

76

7

138

70

626

137

1831

Sinajana
municipality

255

245

293

806

502

1153

106

40

67

87

666

182

1893

Afame CDP

91

64

82

230

120

346

37

11

33

24

214

68

548

164

181

211

574

380

807

69

29

34

61

450

112

1341

629
5
186
8
441
3

0

0

0

2

2

0

0

0

0

2

2

2

4

14

Sinajana CDP
Sinajana_adjust
ed

1071
543

1448
461
286
701

752

525

Talofofo
municipality

305
0
901
208
6

256

1444

668
4
194
9
459
8

10

48

136

63

24

5901

2179

15083

186

1933

683

4493

570
42
170
36

196
85
592
8

33

40

249

140

1631

21

46

24

670

204

1691

107

40

98

96

1098

368

2771

200
6
214
2
379
4
223
0
356
6
19

4

782

171

548

124

283

198

315

778

600

1162

103

11

184

107

700

120

2123

98

69

87

172

127

412

25

4

37

13

236

38

631

180

126

223

602

469

723

77

7

147

91

437

72

5

3

4

4

4

27

1

0

0

3

27

1474

1374

2077

4466

1272
7

577

13
8

518

590

Apotgan CDP
Harmon
Industrial Park
CDP

487

390

619

993
8
281
5

1247

3792

193

34

164

137

60

294

146
8

717

1160

81

8

Oka CDP

123

225

151

239

1235

39

Tamuning CDP

306

266

393

877

2788

Tumon CDP
Upper Tumon
CDP
Tamuning_adjus
ted

136

184

160

285

246

0

Ipan CDP
Talofofo CDP
Talofofo_adjuste
d
Tamuning
municipality

Umatac
municipality
Umatac CDP
Umatac_adjuste
d
Yigo
municipality

781

501

6670
2168

355

1514

57

15

46

24

981

329

1838

461

772
173
4
108
1
206
4

1020

2231

100

20

126

219

967

455

2644

601
8
544
0
109
42
672
0
108
38

3

0

4

11

7

0

0

5

1

3

0

15

0

93

33

79

196

225

424

50

9

78

46

127

33

525

61

23

66

152

191

295

34

9

61

38

86

28

379

191
8
142
3

32

10

13

44

34

129

16

0

17

8

41

5

146

495

234

47

1982

1123

2368

808
7

4419

9046

680

26
0

1813

802

4318

1263

14061

502
22

205
39

4960

375
693
1259
1008
1163

Anao CDP
Andersen AFB
CDP

175

127

260

784

429

1030

63

220

112

392

99

1350

59

3
20
6

428

22

94

270

1282

Chaguian CDP

331

131

552

1056

Mataguac CDP
North Gayinero
CDP
South Gayinero
CDP
Yigo_adjusted

424

387

726

271

230

383

351
2

224
2

356
0

252
141
9
260
0
160
8
141
5
9

124

10

808

209

1939

1575

160

7

636

234

511

158

1980

1380

2153

154

18

368

225

1112

390

3914

608

1448

117

5

206

98

653

184

2387

662
14

1532
26

124
3

14
7

257
2

106
17

836
6

219
4

2475
16

678

390

669

165
4

1366

2485

273

29

311

196

1458

360

4387

208

167

155

490

339

971

80

8

30

26

575

112

1603

Yona CDP

358

183

378

937

829

1198

160

21

171

122

651

198

2121

Yona_adjusted

112

40

136

227

198

316

33

0

110

48

232

50

663

Agat
municipality

466

436

2085

266

46

442

247

976

299

3414

323

376

166
9
127
2

1305

Agat CDP

697

1587

180

45

299

148

794

200

2681

Agat_adjusted

143

60

637.
02
464.
59
172.
43

608

498

86

1

143

99

182

99

733

Yona
municipality
Windward Hills
CDP

397

504
4
570
3
875
0
138
51
819
8
857
1
0

195
2
306
1
306
2
552
0
334
9
356
8
27

142
56
476
4
732
7
216
5

648
0
225
7
323
5

122
88
906
7
322
1

491
7
367
7
124
0

988

476
812
646
1336
756
928
6
1635
605
777
253
1259
974
285

